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THE ARTERIAL PRESSURE IN THE EYE. 

By AY STEYYART DUKE-ELDER (Phmmer Research FeTloic) 

(From the Department of Physiology and Biochemistry, 

University College , London ) 

Ai.thocgh several observers Lave claimed to bave measured the arterial 
pressure in the eve, no one has yet succeeded m doing so YYith one 
exception all the methods of technique hitherto adopted depend on 
raising the intra-ocular pressure and simultaneously noting the be- 
haviour of the artenes The eye thus acts as a sphygmomanometer, 
marked pulsation of the artenes is taken as the diastolic pressure, and 
then complete obliteration as the systolic Since, however, the column 
of blood in the central artery of the retina and in the ciliary artenes is 
immobilised by this procedure, the pressure obtained is not that of the 
intra-ocular artenes but the lateral pressure at the most proximal 
branching of the feeding vessel — the ophthalmic artery. 

He rntra -ocular pressure has Bren raised by two methods 

1 Bv inserting a manometer mto the ere, and raising the pressure therein. The 
points of maxi in am pulsation and cessation of pulsation hare been estimated either as 
observed ophthalmo'copicallv in the retmal arterr (Schoeler (1) mean pr. — 70 mm Hg, 
v Schulten, (2) DiastobySvstohe px. — 90-120,100-130 mm. Hg rabbit) or be 
measuring the amplitude of the pulsations communicated by the artenes to the mercurv 
eolumn in the manometer (Weiss (3), D ,S pr — 50-70,80-110 mm. Hg, Wessely(4) 
D pr — 70 mm. Hg rabbit) 1 

2. Bv raising the tension of the intact globe bv the application of external pressure, 
either by applvmg to the eve an air filled pressure chamber connected with a manometer 
and provided with a transparent window through which the retmal arcnlation can be 
observed (Bleidung(o), D S pr — &B75 9&-117 mm. Hg m man) or by a piston 
working against a standardised spring ( dynamometer”), the ocular t ensi on at the tune 
of appearance and disappearance of the retinal pulse being estimated bv a tonometer 
(Bailliart (6)) This latter procedure has been used extennvelv clmicallv, and the results 
of different observers varv bv over 100 p c., b ei n g much lower on the whole than those 
derived from the former method, Bailliart gives — H /S pr— 25-30,50-70 mm. Hg m 
man. Apart from the limited value of th* tonometnc method of recording pressures in 

1 Lullies and Gulkowitsch {Schnfltn d Honipdrerger gilcrtri'r Go* Bd. *» jj_ *> 
1^24) appear to have followed a smflar procedure. I have Bren unable to gam access to 
th" original paper but from an abstract their results would s*rem to I) ,'C nr 
51-70 02-108 mm Hg rabbit ~~ P 
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any other than a comparative sense, the eye, rendered tense by this procedure, is pressed 
baok into the orbit, thus ki nki n g and compressing tho vessels behind it This doubtless 
accounts for the lowness of the results obtained. In laboratory animals Bailhart’s 
results are higher (D /S pr — 10/100 mm Hg cat) The discrepancy is probably ex 
plained, not on any normal pressure difference in the retinal artenes of the two, ns 
Bailliart claims, but by the fact that these animals have two ophthalmio artenes, one 
denved from the external and one from the internal oorotid, whioh anastomose so freely 
that on the obliteration of one or other of them the intra-ocular oiroulation can be 
maintained Whatever doubtful clinical value these results may bo construed to have, 
considered merely as figures with a comparative and no absolute significance, they are 
no record of the retinal artenal pressure, and are valueless even ns an index of the 
pressure in the ophthalmio artery or of the relation between tho mtrn ocular pressure 
and the vasoular pressures m the eye 

The pressure m the anterior ciliary artenes in man, os they are Been under the con 
junotiva just before they enter tho eye, has been measured by Seidel (7) and Hiroishi (8) 
by applying a pressure ohamber connected with a manometer over them I) /S pr appeared 
as 30-45/55-75 mm Hg Seidel assumed that tho pressure of the artenes m the eye, 
particularly those m the oihary body which govern the formation of aqueous, was neces 
sanly less than this But these vessels at their entrance into the eye are very minute and 
have undergone several sub brnnchings^since leaving the ophthalmic artery, their pressure 
will therefore bo presumably less than that of the central artery of the retina and tho 
postenor ciliary artenos whioh enter the eye direotly from this parent vessel Moreover 
there is a considerable amount of physiological evidence that the small antenor vessels 
play a subsidiary part in tho maintenance of the ocular oiroulation In some animals they 
are absent, and when they are present no markedly deleterious effects result from their 
obliteration, while seotion of the postenor oihanes, two of which run without subdivision 
up to the region of the oihary body, is followed by complete hypotony and widespread 
degenerative changes oven involving structures as antenorly situated ns the cornea 

1 The arterial pressure in the eye The arterial pressure m the 
branches of the retinal artery was measured by a micro-injection method 
carried out by the introduction into their lumen of a micro-pipette of 
the type described by Barber(a), its movements being controlled by a 
micro-manipulator 1 modified from that elaborated by Chambers(iO) 
Tbe animals employed were cats It was seen m a previous paper(li) 
that for the measurement of the venous pressure of the eye, dogs were 
the most suitable, but m these animals the retinal vessels are en- 
sbeathed and partially obscured by neuroglia, only fine branches being 
visible on the optic disc The retina of the cat most nearly resembles 
that of man, and in it (usually three) comparatn ely large arteries, each 

Hanked by a vein, are readily seen 

Amesthesia was induced by ether, and maintained by intravenous 
chloralose The lower lid was reflected along with tho soft tissues, the 
periosteum elevated, a V-shaped piece of bone removed from the lower 

i This was made at the suggestion of Prof Leonard Hill to Hr Schuster at tho 
National Institute for Medical Research 
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orbital margin, and tbe 
The a nim al's head was 


under-surface of the globe of the eye exposed 
then securely clamped (4, Jig 1) m a suitable 



Fig 1 Pressure m intra ocular arteries 


position. A hollow needle (B) of large bore to prevent any valvular 
action, and provided with a side-arm, was inserted mto the vitreous, 
and connected to a compensated mercury manometer (C) and saline 
reservoir (C') by means of a capillary tube containing an air bubble to 
serve as an mdex of equilibrium The side-arm of the needle was con- 
nected with a second reservoir filled with physiological saline ( D ) The 
normal intra-ocular pressure was taken m the usual way by means of 
the compensated manometer, the reservoir (D) was then raised to a 
corresponding height and its connection with the eye opened — by this 
means the intra-ocular pressure was kept at its normal level throughout 
all the subsequent experimental manipulations A self-illuminating 
ophthalmoscope ( E ) was then adjusted to obtain a good view of the 
fundus by the direct method, and was clamped mto position The 
sclerotic was then pierced well behind the equator of the eye by a fine 

1—2 
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metal needle, and the mioro-pipette (F), carrying a collar (G), was in- 
serted immediately on the withdrawal of the needle into the back of 
the globe through the hole thus made The pipette was made by drawing 
out a glass capillary tube over a micro-burner into a needle with a rapidly 
tapering tip, and converting this mto a pipette by ja mmin g its point 
against a cover-glass until it broke off with a tip of such a size as would 
enter the branches of the retinal artery (about 0 1 mm diam at the 
disc), and when it was m place would allow the circulation therein to 
proceed unimpeded Under the guidance of the ophthalmoscope, the 
tip was made to approximate closely to the branch of the artery on 
the side of the disc opposite to that at which the pipette was inserted, 
and when in this position, the micro-manipulator (FI) was brought mto 
position, and the collar securely fixed by a screw The manipulator, the 
ammars head, and the ophthalmoscope were all clamped to the same 
support (J) in order to secure rigidity of adjustment The manipulator 
was provided with a system of adjusting devices, governed by screws 
opposed by springs, so that the movements of the tip of the pipette could 
be accurately and continuously controlled in any direction, and mam- 
tamed securely in any desired position Under observation through the 
ophthalmoscope the tip was thus made to enter the lumen of the artery 
by adjusting the screws on the manipulator The micro-pipette was 
connected by tubing (E) to a mercury manometer (L), the whole system 
bemg filled with a solution of methylene blue in physiological saline 
Any desired pressure was made to act upon the pipette tip by means 
of a syringe (M) whose movements were accurately controlled by a 
milled screw adjustment ( N ) on the piston, while a constant supply of 
solution was maintamed by recharging the syringe from a reservoir (0) 
and suitably adjusting the stop-cocks 

While the pipette was being manipulated mto the artery, the system 
was kept at the normal intra-ocular pressure so that none of the 
methylene blue escaped mto the eye and obscured the field Once it 
was introduced, blood was seen to flow up mto it The pressure was 
then raised until the methylene blue solution flowed continuously mto 
the artery — t his was easily seen ophthalmoscopicaLly The pressure u as 
then lowered until a slight stoppage of this flow occurred at systole, 
when a little blood tended to enter the tip of the pipette On Ion ering 
the pressure further the dye and the blood fluctuated m the tube, and 
no flow took place, untd a point was reached when an almost steady 
flow of blood into the pipette occurred with a periodic stoppage at 
diastole, when a small spurt of the dye entered the \cssel These 
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two pressures were recorded by marking their height on the kymo 
eraph (P), a correction factor being added to allow for the influence of 
a column of saline equal to the differences m level between the mano- 
meter and the eye . 

Several senes of readings were taken in each experiment, the mean 

of which are given in Table I 

Table L 



r 


1 

Mean pressure 

Intra ocular 



interpreted as 
S-D 

pressure 
mm. Hg 

Svstohc 

Diastolic 

o 


91 

65 

“S 

25 

SS 

59 

73 5 

29 

94 

69 

81 5 

20 

S6 

65 

75 o 

23 

S3 

63 

73 

Average 24 

SS 5 

64 

76 


2 The 'pressure in the ophthalmic artery The pressure in the 
ophthalmic artery was measured by a method modified from that 
adopted by previous workers by making use of the eye as a natural 
sphygmomanometer In the cnticism of their results it was seen that 
any interference with the circulation behmd the globe by pressure 
applied to the intact eye entirely vitiated the results, and therefore a 
manometnc method of raising the pressure was adopted. The pulse 
was both observed by the ophthalmoscope and recorded by the oscil- 
latory method The pressure pulse of the arteries is communicated by 
the incompressible contents of the eye to the elastic sclerotic as a volume 
pulse This pulse is due to the intra-ocular arteries, and is not com- 
municated from the orbital vessels, since, on inducing local endocular 
hyperemia (by subconjunctival saline injections, etc , IVessely(t)) the 
ocular pulse increases proportionately, while a simultaneous carotid 
tracing shows no change Inasmuch as the chonoidal vessels form 
S/LO of the entire circulation of the eye, the pulse will be largely due 
to their influence, which is demonstrated by the fact that clinically, m 
cases of embolism of the retinal artery, when this vessel is occluded, 
the pulsations of the eveball, as shown by the lever of a tonometer, 
proceed as usual. The pressure m the ophthalmic artery is thus measured 
through the central artery of the retina by the ophthalmoscopic method, 
through the posterior ciliary arteries by the oscillatory one 

In the first method it was found to be very difficult to observe 
the retinal circulation sufficiently exactly to get accurate end-points 
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V Schulten inserted the manometer mto the vitreous, hut here the 
difficulty of blocking the point of the needle by valve action complicates 
accurate readings when the pressure is made to vary When the needle 
is immersed m the aqueous, the corneal astigmatism brought about by 
its insertion tends to blur the view of the fundus, an effect which is 
increased by the raised pressure tending to displace and alter the dioptric 
properties of the lens The end-points, moreover, are not sharp In the 
previous senes of experiments it was easy to differentiate between the 
methylene blue and the red blood, but here, while artenal pulsation 
was seen to increase until pressures of 70 to 90 mm Hg were reached, 
it was very difficult to say with certainty where the maximum occurred 
Similarly, at 110 to 120 mm Hg the blood flow m the vessels was seen 
to stop, and at pressures 5 to 10 mm Hg above this the vessels usually 
to a greater or less degree became collapsed and flattened out, but here 
agam the end-pomt is indefinite, and does not lend itself to objective 
exactitude 

Reliance was therefore placed more upon the oscillatory method 
Smce the pulsation is communicated to the sclerotic, its magnitude has 
been estimated by the excursion of the lever of a tonometer placed upon 
the globe But the distensibility of the coats of the eye (Koster(iS)) 
decreases as its tension is raised, and the pulse is correspondingly 
damped , any method, therefore, which purports to compare the variations 
of the ocular pulse with increasing pressure by measuring its amplitude 
as communicated to the sclerotic is progressively more inaccurate as 
the tension rises This error is overcome by opening the eye and putting 
its fluid contents in free communication with a rigid fluid system where 
tho oscillations can be studied, conditions being so arranged that they 
are magnified to the greatest degree possible 

A manometer needle (A, Fig 2) of large bore (1 mm ) to ensure free 
co mmuni cation of the oscillations, and provided with a side-arm, was 
inserted through the cornea, the needle pomt being kept in the periphery 
of the anterior chamber to allow ophthalmoscopic exammation of the 
fundus From the side-arm a tube ( B ) was connected up with a com- 
pensated mercury manometer (C) with a reservoir (C ) The tube was 
connected with a syringe (D) whose piston was controlled by a screw 
adjustment ( E ), and the whole filled with saline, a constant supply of 
which was obtained from a reservoir ( F ) The straight end of the mano- 
meter led directly into a fine capillary tube (G) lying horizontally, on 
to which was attached a scale graduated arbitrarily The capillary was 
connected by rubber tubing to a glass tube (H) containing saline, which 
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acted as a reservoir and could be raised or lowered by a pulley This 
reservoir was made as small as was convenient in order to reduce the 



inertia o! the fluid column in the capillary ((?). and make the oscillations 
as free as possible 

"When the manometer was inserted, the reservoir {II) was shut ofi 
bv a stop-cock (£), an air bubble was then introduced into the tube (B), 
and the pressure in the system adjusted bv manipulating C' until the 
bubble was stationary the normal intra-ocular pressure being thus 
recorded on the manometer Communication with the reservoir {O’) 
was then closed and that with the reservoir (B) opened after its 
height had been adjusted to correspond with that registered by the 
manometer The pressure m the svrmge was then slightly increased 
while the level of the reservoir (H) was kept unaltered "so that the an 
bubble travelled slowly down the tube (B) and along the capillary (G) 
Having arrived here it was kept constantlv in the same place bv raisum 
or lowering the reservoir commdentlv with any subsequent mampn- 
Jations of the svrmge When the pressure m the eve was varied by 
the SyT1 ^' tb f b ehaviour of the retinal arterv was observed 
ophthalmoscopicaUv and the excursion of the an bubble in the capillarv 
was noted through a microscope (-11) The points of masmum oscfflatS 
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and cessation of oscillation were marked on the kymograph ( L ), and 
were subsequently measured, corrections being applied to compensate 
for a column of saline equal to the difference in level between the eye 
and the manometer 

There follows the protocol of a typical experiment, the figures ex- 
pressing the amount of oscillation refer to the divisions of the scale 
and are therefore arbitrary and of purely comparative significance 


Cat 

Intra ocular 
pressure 
mm Hg 
20 
28 
40 
00 
70 
75 
78 
80 
00 
110 
120 
125 


Table H 


Ophthalmoscopic appearances 
Vessels normal, no pulsation 
Venous pulsation at disc artenes normal 
Veins definitely engorged, arteries pulsating slightly 
Veins begin to beoome oonstneted, artenes pulsating 
Artemi pulsation increasing 
»» »» 11 
Artenes pulsating maximally (?) 

Artenal pulsation marked 
it a less 

Veins constricted, artenes filling at systole 
Veins collapsed, artenal pulsation censed 
Artenes barely visible 

Mean carotid pressure 114 mm Hg 


Amplitude of 
oscillation 
4-5 
4-5 
G-7 
8-10 
11-12 
14-15 
18-20 
10-17 
0-12 
ft- 7 
0 
0 


Taking the point of maximal pulsation as the diastolic and that of 
cessation of pulsation as the systolic pressure, the results of a senes of 
six experiments are given m Table III 


Table ILL 


Pressure in ophthalmic arterv mm Hg 



Intro ooular 


No of 

pressure 


ent 

mm Hg 

Dmstolio 

1 

20 

78 

2 

29 

85 

3 

20 

74 

4 

23 

81 

5 

25 

73 

G 

20 

80 

Avcrago 25 

78 5 


Sistolic 

Mean pressure 
interpreted as 

S + D 

2 

Mean carotid 
pressure 
mm Hg 

120 

99 5 

108 

120 

107 

118 

100 

90 

90 

110 

05 5 

100 

110 

94 5 

108 

109 

04 5 

104 



■ ■ - 



115 

97 

100 


3 The mean pressure as measured in the carotid artery was registered 
by a mercury manometer Only in one case (Table IT) wore the four 
measurements taken m the same animal, as a general rule the length 
of time occupied by the manipulations and the consequent change in 
the animal’s condition rendered comparative \aiues of little account If 
it be permitted to transpose the lenous pressures m the e\e of the dog 
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as determined in a previous paper (ii) we get the Morning pressure 


relationships 


Ttm rr 


Svstohc 

Ca‘ Pressure as measured m carotid arterv (right side) — 
Pressure m ophthalmic arterv (nght) 119 

Pressure re retinal arterv pelt) t e re first artenal 
branchings re eye 
Dog Pressure re'venous exits 
Ca* and dog Intra-ocular pressure 

Dog Pressure re extra-ocular veins — 


m Hg 
Diastolic 


SO 

65 


ilean 
105-5 
99 5 

75 5 
21 5 
20 
Id 2 


It is seen that the pressure in the ophthalmic artery is only a few 
mm Bg below that measured in the carotid 1 that is, below the aortic 
pressure, and that in the first branc h ing inside the eye a larger fall of 
about 25 mm. Hg or almost 25 p c of the total pressure occurs Between 
this and the veins a large fall of 54 mm. Hg takes place This distri- 
bution of the pressure gradient is m confonnitv with that encountered 
in other parts of the bodv, where the artenal pressure is maintained at 
a fairlv constant high level until the smaller artenes are reached. 

The systolic pressure in the carotid was determined with the same 
technique as that emploved in measuring the pressure m the retmal 
artenes bv the insertion of a pipette A mean pressure of 10S mm Hg 
was found to correspond with a systolic maximum of 150 mm The 
large amplitude of the pulse pressure and the imposslbilitr of seeing the 
methvlene blue solution entering this artery however, rendered the 
method nnsatisfactorv for obtaining correct readings of tbe diastolic 
pressure to obtain a satisfactory diastolic end-point the artenal wall 
must be so thin as to be transparent For the same mean pressure it is 
probably about 70 mm Hg 


Discussion 

From the phvsiological standpoint the main interest m these vascular 
pressures is their relation to the formation of the aqueous humour This 
is associated mainlv with the vessels m the ciliary bodv and the ins 
From a theoretical point of view it would have been preferable to have 
obtained measurements of the artenal pressures here In the cat the 
circulus artenosus mdis major, which supplies the ciharv processes and 
ms directlv, instead of lvrng maccessiblv at the base of the ins as in 
man, lies m the ins itself and with sufficient magnification is readily 
seen particularly on the nasal side To introduce a pipette into this 

1 Tbf presmre m the ca-ohd arterv was taken las* there is probablv, therefore an 
cn3 ’ comparatively dee to a decline m the ammaTs condition. * 
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vessel, however, was found to be very difficult or impossible on account 
of the mobility of the supporting structures, while the immediate and 
lugb rise in the intra-ocular tension which followed penetration of the 
ins — due presumably to vaso-motor reflexes from this highly innervated 
structure — seemed to render any such attempt useless This vessel, 
however, is directly formed from the long posterior ciliary arteries 
Smce, other things being equal, arterial pressure decreases m proportion 
with the number of branchings and the size of the lumen of the vessels, 
and smce the long posterior ciliary arteries and the central artery of 
the retina are both direct branches of the ophthalmic and are of the 
same order of size, it would seem probable that the pressure m this 
arterial circle would approximate that in the branches of the central 
artery of the retina Moreover, in a previous paper (U), the close re- 
lationship between the pressures m the two circulations — uveal and 
retinal — under physiological variations has already been pointed out 
It is probable, therefore, that we can assume with a fair degree of 
certainty that the pressures measured in the branches of the retinal 
artery are not far removed from those m the ciliary body 

We may thus assume that in the ciliary body the arterial mean 
pressure is about 75 mm Hg, that the venous pressure is about 25 mm 
Hg, while the intra-ocular pressure is about 24 mm There is thus a fall 
in the vascular system of about 50 mm Hg 

Although the blood-pressures m the corresponding organs of the 
higher animals are generally taken as proportionately equal, the ob- 
jection may be raised in transferring these measurements to the case 
of man that the arterial supply of the eye is different in the two cases 
It has been noted that in the usual laboratory animals the ophthalmic 
arteries are derived from both the internal carotid and the external or 
from an anastomic branch between them m man it is derived only from 
the internal It is very probable, however, that the difference, if any, 
is in the direction of a higher pressure m the ophthalmic artery of man 
In him this vessel comes off as a direct terminal branch of the internal 
carotid, virtually from the circle of Willis, a vessel which the whole 
vaso-motor mechanism of the body stm es to keep at a high pressure at 
all tunes Further, immediately after the ophthalmic artery has left 
the internal carotid, the latter vessel constricts, the narrowing being 
out of proportion to the diminution of its blood stream as judged by 
measurements of the cross-sections of the lessels (W hitnall(i3)), a 
provision which, by reducing the calibre of the mam \essel distal to 
this important branch and thus damming up the blood stream, will 
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arterial pressure in eye 

favour the passage of blood down the latter and maintain a high pressure 
in it It is probable, therefore, that in man the pressure gradient from 

arteries to veins is more than 50 mm Hg 

Xo method has yet been devised to measure the capillary pressure 
in the eye To do so would seem almost impossible, for we have pre- 
viously seen(U) that any intra-ocular manipulation or pressure applied 
to the eye at once affects the venous pressure and with it the capillary 
pressure, the three tending to nse comcidently This consideration at 
once rules out the estimations of Isiesnamoff (it) and Dieter(i5) In 
default of a direct measurement we must rest content with an indirect 
estimation based on the measurements of the pressures in the arteries 
and veins — if, indeed, with their continually changing conditions and 
wide range of variation it is reasonable to speak of a capillary pressure 
at all Most recent estimations show that the capillary pressure is very 
low, but the majority of these have been undertaken in the skin most 
of whose capillaries appear to be venous m nature (Krogh(i6)) There 
seems little justification for applying them to the general circulation, 
and none for applying them to the specialised conditions of the eye 
On the other hand it would appear from the work of Dale and 
Richards(iT) and Burn and Dale ( 18 ) that the peripheral resistance is 
not limited to the arterioles, and that the assumption that an abrupt 
fall m pressure takes place in this part of the circulation is unwarranted, 
but rather that the fall in pressure is evenly distributed between the 
smallest arterioles and the first capillaries without a sharp line of de- 
marcation between them That such a conception is probable is sug- 
gested by the influence of the mechanical action of the corpuscles and 
the contractility of the capillaries as demonstrated by Krogii(iO) ; 
Lewis(iS) and others, and it seems to be substantiated by the recent 
work of Landis ( 20 ), who, using a micro-injection technique such as is 
followed in this paper, has shown that in the frog’s mesentery the fall 
of pressure does not cease abruptly at the arterioles, but continues to 
the venous capillaries before flattening 

When it is remembered that the intra-ocular pressure is 20-25 mm , 
Hg, it would seem that the artenal and venous pressures m the eye bear 
a relation to the chamber pressure similar to that which the vascular 
pressures do to the tissue pressure throughout the body generally The 
tissue lymph contains about one-half the quantity of colloids that are 
found in the blood, while the aqueous is practically protein-free Conse- 
quently, if the fluids of the eye can be formed without the intervention 
of a secretory” mechanism, the capillary pressure m the eye must 
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exceed the intra-ocular pressure by more than the difference that obtains 
generally between capillary and tissue pressure In round figures a differ 
ence of 30 m m Hg must exist in the eye instead of 15 mm elsewhere 
There is every indication that this may be so In the first place, the 
ciliary arteries seem to be anatomically pecubar in that they break up 
almost at once into a rich net-work of capillaries (Fusita( 2 i)), which 
appear to be capable of such extreme distension of their lumen as to 
allow the passage of ten corpuscles at a time In these the lateral 
pressure will be capable of rising to a considerable height Again the 
veins are physiologically constricted at their exits from the eye, and 
the whole system is confined under a considerable tension within a 
feebly distensible case, the sclerotic, which will make the vessels approxi 
mate in their behaviour to a system of rigid tubes These considerations 
will all tend to throw the site of the fall of pressure further towards the 
veins, and make it probable that the pressure in the arterial capillaries 
rises at least 30 mm Hg higher than that in the chamber of the eye, 
t e to a total of about 50 to 55 mm Hg The vascular pressures, there- 
fore, although by themselves they prove nothing, make it possible that 
the aqueous humour is formed purely by a process of dialysation 
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THE EFFECT OF C0 2 ON THE ABSORPTION OF 
ALCOHOL AND THE INFLUENCE OF ALCOHOL 
ON THE DIFFUSION OF CO a IN THE SMALL 
INTESTINE 

Br N EDKIXS axd II H MURRAY 
(From the Department of Physiology, Bedford College, London ) 


lx a former investigation (i) it was shown that CO, increased the ab- 
sorption of alcohol by the gastric mucous membrane in the cat and that 
the presence of alcohol m the stomach had the curious effect of apparently 
making the mucous membrane of the stomach permeable m one direction 
only The present investigation was undertaken to determine whether 
these effects were also exhibited by the mucous membrane of the 
intestine At the same time the opportunity was presented of making 
a comparison between the effect of alcohol on stomach and intestine 
Method The method employed was similar to that m dealing with 
the stomach The animal (cat) was amesthetised with ether and de- 
cerebrated or pithed by Langley s starch injection method, artificial 
respiration being generally applied Eight inches from the pylorus a 
piece of gut 55 cm long was measured and clamped off At each end 
a cannula connected with a tap was ligatured into the loop, and the 
loop was washed out with warm unbuffered Ringer’s solution The 
upper cannula was connected with a side tube between it and the tap, 
and through this tube the liquid to be investigated was introduced and 
kept at a constant pressure of 5 cm of water 

The basic experiments as m the case of the stomach were done with 
unbuffered Ringer only The table given below shows results which 
enable us to compare the absorption of Ringer only from the stomach 


Tabu: I 

Intestine Stomach 

A 



Ringer 

introduced 

Liquid 

removed 

Absorp- 

tion 

Bmaer 

introduced 

Liquid 

removed 

Absorp 

12 

C.C. 

c c. 

Pc 

C.C. 

C.C. 

Pc. 

TS 

23 

70 




13 

14 

13 

10 

22 G 

15 S 

24 

30 3 

Trace 

7-4 

IS 

7 

100 

53 

25 

SO 

54 5 

51 5 

6S2 

53 

56 

515 

66 

53 

-1 5 
0 

_ 1 _ o o 

o' 
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and intestine in the same animal The intestinal absorption though very 
variable is always considerable These experiments are similar m results 
to those which have been obtained by former observers, the reason we 
introduce them is that the animals having been either decerebrated or 
pithed the influence of the anaesthetic is largely elimin ated 

Absorption of alcohol tn the intestine The alcohol experiments were 
done on the same lines as in the case of the stomach only, t e each 
experiment consisted of two parts, each part was only of one l hour’s 
duration In (a) about 8 p c alcohol m unbuffered Ringer was used 
and m (c) the same alcoholic solution to which about 44 p c of C0 2 had 
been added In some experiments solution (a) was used first and then 
solution (c) and in others the solutions were used m the reverse order 





Table EL 





C o alcohol 



Pc CO 



absorbed m 

P c bawd 

P c COj at 

at end of 

Exp 


intestine 

absorbed 

beginning 

exponment 

1 

(a) 

1 565 

70 

0 

? 


(c> 

2 38 

24 

— 

? 

2 

(<0 

1 53 

70 

About 44 

? 


<«) 

1 08 

10 

0 

? 

3 

<e) 

1 2S7 

31 

40 

1 7 


(«> 

1 121 

0 

0 

1 G 

4 

(«) 

1 0 

10 

0 

20 


(«> 

10 

0 

43 

20 

5 

(c) 

2 03 

02 

43 

3 9 


(«> 

1 399 

12 

0 

36 

C 

(a) 

0 755 

Slight seoretion 

0 

1 4 


(<=) 

OCSG 


43 

1 7 

7 

(c) 

1 275 

10 4 

44 

1 4 


(a) 

0 69G 

Slight secretion 

0 

1 0 

8 

(a) 

1 04 

10 

0 

1 2 


(*> 

1 11 

0 

48 

1 2 

9 

(c) 

1 00 

36 

0 

32 


(<*) 

100 

0 

48 

20 

10 

(a) 

0 714 

40 

0 

I 0 

(<=) 

0 513 

0 

48 

20 

11* 

(*) 

(. y ) 

— 

11 4 

9 3 

0 

24 

1 4 

1 9 

12* 

(!/) 

(*) 



72 

79 

56 

0 

3 1 

3 2 


* In these 

experiments no 

alcohol was used, othertnso thoy were 

similar 


From the above table, which presents a sample of the results ob- 
tained from numerous experiments, it is clear that as far as C0 2 is con- 
cerned either the mucous membrane of the small intestine is acting 
merely as a passive membrane, or the C0 2 is the result of secretion We 
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endeavoured to settle this point by estimating the carbonate ion content 
of the boiled out liquid, assuming that, if the C0 2 present at the end 
iras some of the gaseous C0 2 introduced, then the liquid on boiling out 
Tvonld have been free of C0 2 , whereas, on the other hand, if there was 
n, taking up of baryta after boiling then the C0 2 must have been fixed 
either as NaHC0 3 or Na,C0 3 It was difficult to estimate the C0 2 after 
boiling because of the very mucilaginous character of the liquid, but 
the results, though too unreliable to emphasise figures, suggest that the 
C0 2 was fixed, probably as i\aHC0 3 This fact was deduced because the 
alkalinity of the liquid, increased on boiling though the C0 2 decreased 
The explanation is, we consider, that a little Na 2 C0 3 was secreted by 
the intestinal mucosa and this then met a large excess of Hj,C 0 3 in the 
lumen, NaHC0 3 was formed, which on boiling lost C0 2 and the liquid 
therefore became more alkaline 

With regard to the absorption of alcohol m the presence of C0 2 there 
seems to be a tendency for more alcohol to be absorbed m the presence 
of C0 2 , though the effect is not nearly so marked as in the stomach 

In the second part of the experiment peristalsis always occurs and 
usually less alcohol is absorbed, but the difference is less marked when 
there is C0 2 in the liquid in the last part of the experiment than when 
it is introduced first 

Restating some of the results already presented m Tables I and II 
it can be seen that the presence of alcohol has an effect on the actual 
absorption of hquid 


P c absorption in 1 hour 


Absorption of liquid from the intestine 

P c absorption in successive l hoar* 


Ringer 

alone 

70 

100 

50 

25 

SO 


Ringer + 
alcohol 
25 
10 
31 
20 
37 


Ringer alone 


Ringer + alcohol 


/ 1 f ^ 

1st A hour 2nd $ hour 1st A hour 2nd $ hour 


3S 

75 


30 

OS 

no 


20 


0 

5 

0 


■fte can conclude that alcohol does not hasten the absorption of 
liquid on the contrarv , the figures for the absorption of hquid containing 
alcohol are usually considerably lower than in the case of unbuffered 
Ringer alone Moreover, alcoholic absorption seems to slow down the 
absorption of liquid very rapidly, since in the second part of an experi- 
ment with alcohol there is very often no absorption at all, whereas m 
the second half of an experiment with Rmger alone absorption is nearly 
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as good as it was in the first half It might be suggested that the volume 
of fluid m the intestine does not change m the second half of an expen- 
ment with alcohol because secretion balances absorption, but the small 
amount of carbonate present in the fluid removed indicates that this is 
not the explanation and that absorption is retarded 

From all these considerations we may conclude that the addition of 
alcohol to water diminishes its efficiency m quenching the thirst 

Summary 

1 The effect of C0 2 is to mcrease the absorption of alcohol slightly 
though not so markedly as in the stomach 

2 It cannot be stated whether the presence of alcohol affects the 
diffusion of CO a because of the possible secretion of Na^COj into the 
lumen 

3 Alcohol appears to retard the absorption of liquid in the intestine 
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INSULIN and the production of acetone 
BODIES BY THE PERFUSED LIVER 

BrES RAPER avd E C SMITH 1 

{From the Physiological Laboratories The University, Manchester ) 

Oxe of the str iking features of the action of insulin in severe diabetes is 
the wav in which it brings about a cessation of the formation of the 
acetone bodies This is usuallv ascribed to a return of the power of the 
organism to utilise caxbohvdrate to a greater extent than is possible 
without ins ulin and explanations have been advanced which suggest 
that at a certain stage m their metabolism, fats require the assistance of 
carbohvdrate for their complete oxidation. There is, however no direct 
evidence in favour of views of this kind. 

The isolated dog s liver when perfused with defibnnated blood has 
been shown bv Embden and others to produce small amounts of acetone 
bodies but much larger amounts if ammonium or sodium butvrate was 
added to the blood. The perfusion of the isolated liver with blood con- 
taining small amounts of sodium butvrate appeared to us therefore to 
offer some prospect of gaining an insight into the antiketogenic action 
of insulin. 

B urndi has shown that when sodium a cetoacetate is injected into the 
decapitate cat with kidnevs removed, the rate of fall of the total acetone 
of the blood is independent of the injection of insulin. The possibihtv 
remains that insulin mat affect the production of the acetone bodies 
from then precursors m the liver 

Further observations m connection with acetone formation after 
injection with insulin have been made bv Colhpp/ and bv Robertson 
and Andersonioi The former showed that acetone bodies appeared in 
the urine of normal rabbits which had been rendered hvpoglvetemic with 
msulm and came to the conclusion that in the condition of carbohvdrate 
starvation induced bv the removal of available glucose, the liver com- 
menced to draw on the source of energv normal to it under these condi- 
tions i f protein and fat, the latter giving rise to the urinary acetone 
The latter authors endeavoured to correlate hypoglvcsmic coma with 
acetoacetic acidosis, but could find no evidence in favour of this view 

1 lVo-imc fn r lledical P Council. 
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Recently v jFazekas(4) has shown that administration of insulin m 
cases of diabetic coma results in a diminution of /?-oxybutync acid, the 
aoetone + acetoacetic acid, and the blood-sugar being for a considerable 
time unaffected 

Acetone -production in cat's liver perfused mtk foreign Hood In the 
first senes of experiments, cats’ livers were perfused in situ with de 
fibnnated ox or pig’s blood In order to eliminate the effect of prolonged 
ether narcosis, the animals were decerebrated before the commencement 
of the experiment The blood, warmed to 38° C , entered the portal vein 
from a reservoir 15 cm above the table The tnbutanes of the portal 
vein and the inferior vena cava below the diaphragm were ligatured, 
and the blood was drawn off by means of a cannula m the mfenor vena 
cava above the diaphragm Artenalisataon was effected by bubbling 
oxygen through the blood m the collecting vessel Usually no difficulty 
was expenenced due to clots forming m the liver vessels, but it was 
observed that the mechanical obstruction to the flow of blood^evmced by 
the swelling of the liver and falling off of the rate of perfusion, gradually 
increased as the perfusion proceeded This effect was more noticeable in 
the case of ox than pig’s blood The rate of perfusion was maintained, 
when possible, between 80 and 100 c c per minute The first blood 
sample was taken immediately a constant rate and temperature of per- 
fusion were established, and the second after one hour’s perfusion, the 
blood-sugar, acetone and acetoacetic acid (together), and /9-oxy butyric 
acid being determined in each sample In this senes, the acetone bodies 
were determined by Shaffer’s method (6) on 50 c c samples, and the 
blood-sugar by Maclean’s method Since in the majority of the expen- 
ments, butyric acid was added to the perfusion fluid, it was found necessary 
to replace Shaffer’s method of aldehyde removal by Masuda’s silver oxide 
method (6), because butyric acid yields considerable quantities of acetone 
when boiled with hydrogen peroxide m alkaline solution The liver fat 
was approximately estimated at the end of perfusion by saponification, 
acidification, extraction with light petroleum, and titration in alcohol 
with iV/20 sodium hydroxide The figures in the tables give the percentage 
of fat reckoned on the moist weight of the hi er after perfusion 

The acetone body formation per litre of blood without addition of 
sodium butyrate is given in Table I 

In Tables I-III (a) = acetone + acetoacetic acid, 

(b) = jS-oxybutync acid 

These and the “total acetone bodies” are all calculated as mg acetone 
per litre of blood 
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X. Without added eodiam but \ rate 


Weight 

Fat 

Sample 1 


Sample 2 

of beer content 

, 

1 


i K \ 

gnn. 

0 

1 o 

a 

b 

a—b 

a b 

53 

HO 

2S 2 

59 6 

S7 S 

4S 5 97 0 

100 

4-i 

11 1 

50-7 

61 S 

23 3 64 4 

50 

5*5 

S 1 

315 

39 6 

19 7 31 5 


Total 
acetone 
bodies 
a—b formed 

145-5 57 7 

S7 7 25 9 

51 2 11 6 


The above figures may be compared with those obtained vnth dogs’ 
livers by Friedmann(7), 19 4, 61 7. 63 5 84 0, and by Dakm(S), 
32 5 mg per litre T aking into account the relative sizes of the livers 
used, it is seen that the “total acetone ’ production is greater m cats 
than in dogs 

When 0 2 p c of butyric acid (as sodium butvxate) mas added to the 
perfusing blood, the acetone production mas considerably greater as 
shown in Table II In experiment (6) the animal mas pregnant, and it 
mas thought possible that the high result mas due to the condition of 
fatty infiltration associated with pregnancy The result obtained on 
another pregnant animal (7), gave a similar high value and it seems 
likely that the acetone production of the liver of the pregnant animal is 
greater than that of the normal 


Table EL Perfusion, with add»d bntvne acid. 


Weight Fat Sample 1 
of Ever content , A 


Exp 

grm. 

°o 

a 

b 

4 

64 

24 

S3 

446 

5 

102 

12 2 

64 

66 S 

6 

90 

27 0 

15 5 

70 5 

7 

90 

97 

10-4 

453 


Total 

Sample 2 acetone 


bodies 


a —b 

a 

b 

a — b 

formed 

52 9 

41 S 

155-9 

197 7 

144 S 

73 2 

30-9 

212 0 

242 0 

169 7 

S6-0 

135 6 

241 0 

3766 

290-6 

55 7 

63 5 

246 0 

309 5 

253 S 


The effect of addition of insulin to the perfusion fluid So fax as could 
be determined from the results of three experiments, addition of mcnlm 
to the perfusing blood brought about no diminution m the acetone 
production. In experiment (8) 10 units of insulin mere added at the com- 
mencement, in experiments (9) and (10), 30 units, and in addition, in 
experiment (10), the animal received 6 units of insulin before the experi- 
ment, and mas anaesthetised when the hypoglvcamnc symptoms mere 
well established 


Table 111. Perfusions with added butync acid and iu=ml<n 



Weurht 

Fat 


ofhvtr cont«nt 

Exp 

grm. 

0 

o 

S 

7$ 

3 5 

9 

G 2 

32 


$3 

1U 


Sample 1 


a 

6 

o-6 

12 S 

22 

35-0 

13 S 

46-7 

60-5 

HO 

51 3 

65 3 


Sampl» 2 

a b a—b 

Sl-4 163 3 244 7 

S7-0 213 2 300 2 

74 2 214 6 2sS S 


Total 
acetone 
bodies 
formed 
209-7 
239 7 
223 5 


2—2 



20 


3 S RAPER AND E C SMITH 


The increase in acetone is, if anything, greater than m those perfusion 
without added insulin, but not greater than the variation that might he 
expected, hence it may be concluded that under the conditions of these 
experiments, insulin has no direct action on the liver m causing decreased 
output of acetone bodies In all these experiments the changes m blood- 
sugar concentration were followed and in none of those in which insulin 
was added was there any indication of a difference from the control 
experiments without insulin The glycogenolysis, indicated by the 
gradual rise in blood-sugar, was as marked in the insulin as m the control 
experiments It was expected that ins ulin would have inhibited glyco- 
genolysis and these results seemed to render it doubtful whether insulin 
would produce its normal action in an organ perfused with defibrmated 
blood from another species It was therefore thought necessary to 
investigate this point further and attempts were made to obtain as a 
result of the action of insulin, an increased disappearance of blood-sugar 
in the hind limbs of cats perfused with ox or pig’s blood It has been 
shown by Burn and Dale (9) that m the decapitated and eviscerated 
animal, insulin causes a marked increase m the rate of disappearance of 
glucose from the blood and it was expected that a similar effect would 
be obtainable in the perfused hind limb 

Perfusion of the muscle of the kind limbs The perfusion was earned 
out with the same apparatus, the only necessary modification being a 
considerable increase in the height of the reservoir above the table for 
the purpose of obtaining the requisite arterial pressure The operation 
was performed under ether anesthesia Double ligatures were applied to 
the rectum and inferior mesenteric artery, which were divided beta een 
the ligatures and the viscera retracted A cannula w as inserted into the 
aorta immediately above the diac bifurcation, and a second into the 
vena cava at about the same lei el A strong mass ligature was applied 
to the trunk below the kidneys and the animal completely severed above 
the ligature The neural canal was plugged with cotton wool, but more or 
less haemorrhage usually occurred from this point, the blood being 
collected and added to that from the vena cava 

It was found to be almost impossible to obtain a satisfactory flow 
when ox blood was used but less difficult} was experienced with pig’s 
blood, which was therefore adopted The procedure final]} used was to 
wash out the blood \essels with bOO c c warm Ringer Locke solution 
containing 0 3-0 4 p c glucose, then with bOO c c of pig s blood winch 
was discarded, the perfusion then being continued with a further }f 10 c c 
of pig’s blood containing 0 3-0 4 pc of glucose 
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As m the eviscerated animal, the muscle of the hind limbs was found 
to remove glucose from the blood at a fairly constant rate If, at the 
end of an hour, 20 units of insulin were added to the blood immediately 
before entering the aorta, contrary to expectation, no alteration m the 
rate of removal could be observed Of 17 experiments earned out as 
desenbed above, 7 without added insulin showed a fairly constant rate of 
disappearance of glucose during the two hours , with added insulin at the 
end of the first hour, 2 experiments showed a shghtly increased removal, 
but 8 showed no effect whatsoever In order to determine more accurately 
any sbght effect of insubn, a further senes of experiments was earned 
out in which the fall of blood-sugar during two consecutive half-hour 
penods was determined After allowing 30 minutes for the preparation 
to amve at a constant rate of utihsation, dupheate blood-sugar estima- 
tions were earned out on two samples taken at an interval of two minutes , 
thus allowing a minimum error in the determination of the blood-sugar 
and the taking of the samples Four similar estimations were made 
30 minutes later, i e at the end of Penod I Insulin was then added, and 
four estimations were made after a second period of 30 minutes The 
results are given m Table IV Three control experiments of this type in 
which no insubn was added showed very httle difference between the 
fall in the two penods, and three experiments with the addition of 20 
units of insubn at the end of the first penod also showed no greater drop 
m the second penod than m the first This showed definitely that under 
these conditions insulin was not exerting its normal action m causing 
the muscles to remove sugar from the blood at an increased rate 


Table TV (1) Glucose utilisation m isolated perfused muscle 


Penod I 


-<v. 


Exp 


Sample 1 

Sample 

11 

Control 

0 280 

0 266 

12 

do 

0 352 

0 317 

13 

do 

0 300 

0 320 

14 

Insubn 




present In 




renod II 

0 31S 

0 278 

15 

do 

0 337 

0 294 

10 

do 

0 232 

0 185 


Blood 

sugar % 





Penod II 

ITu 

( 

Sample 1 

Sample 2 

Fall 

0 014 

0 200 

0 250 

0 016 

0 035 

0 317 

0 274 

0 043 

0 040 

0 326 

0-289 

0 037 

0 040 

0 27S 

0 235 

0 043 

0 043 

0 294 

0 203 

0 031 

0 047 

0 185 

0 140 

0 045 


In these experiments the only senous deviation from the conditions 
obtammg m the decapitated and eviscerated animal lies m the use of 
fcre * n M °” d Tk ' teen cmd out 
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same conditions, however, it was necessary to repeat both these and the 
muscle perfusions with cat’s blood 

In order to minimise the number of animals necessary, a perfusion 
apparatus 1 (Burn and Dale ( 22 j) , operated by a Dixon pump, was adopted 
in place of that previously used This enabled the perfusion to be earned 
out with 150 c c of blood and two cats sufficed for each experiment 
Muscle “perfusion with animal’s own blood Two determinations were 
made with pig’s blood in this apparatus in order to check the results 
obtained m the previous senes It was found that, owing to the smaller 
amount of blood m the circulation, the rate of fall of the blood-sugar was 
so great that the glucose was exhausted before the end of the second 
penod At the end of the first hour, therefore, sufficient glucose was 
added to bring the level of the blood-sugar to the same value as at the 
beginning of the first penod Ten minutes were then allowed to elapse 
for attainment of equilibrium, and samples taken for a third half-hour 
Addition of lrmulvn at the commencement of this last period had again 
no effect on the rate of fall of the blood-sugar, thus confirming the previous 
results 

In the experiments in which cat’s blood was used, the cat was bled 
from the aorta, and the vessels washed through with about 80 c c of 
Rmger-Locke solution About 160 c c of defibnnated blood containing 
saline was obtained in this way from two animals 

It was found that, using the animal’s own blood, insulin considerably 
increased the rate at which the muscles removed glucose from the per- 


Table V (2) Glucose utilisation in isolated perfused musclo 


Blood 
Exp used 
17 Pig In 
sulin pro 
sent m 
Penod II 
IS do 

10 Cat Con 
trol 

20 do 

21 Cat Insu 
lin present 

in Penod II 

22 do 

23 do 


Blood sugar % 


Penod I 

r 

Sample 1 

Sample 2 

Fall 

0 255 

0 1S7 

0 06S 

0 300 

0 235 

0 005 

0 302 

0 2SS 

0 074 

0 403 

0 335 

0 008 

0 454 

0 305 

0 0S9 

0 3S5 

0 203 

0 121 

0 313 

0 104 

0 119 


Ponod II 

Samplo 1 

Sample 2 

Fall 

0 207 

0 140 

0 007 

0 200 

0 222 

OOOS 

0 404 

0 328 

0 070 

U*4G8 

0 384 

0 074 

0 700 

0 510 

0 100 

0 370 

0 174 

0 100 

0 283 

0 150 

0 133 


1 Mo arc indebted to Dm Burn and Dale for a description of tins apparatus details 
of which have now been pub! “bed. 
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fusing "blood This has been confirmed hy Best(io> In two experiments 
m which no insulin was added, the fall m each period was approximately 
the same, but in three experiments in which insulin was added at the 
commencement of the second period the fall was definitely greater, m 
two of them markedly so The results are given in Table Y 

These figures show conclusively that the failure of insulin to bring 
about its characteristic action in the previous senes is due to the perfusion 
having been earned out with foreign blood YThether this is a peculiarity 
of pig’s blood alone has not yet been determined, but it is remarkable 
that the foreign blood does not interfere with the removal of glucose by 
the muscles although it inhibits the increased removal which insulin 
produces 

Perfusion of Iner vnth animal’s oicn blood Since in the apparatus 
used in these expenments it was necessary to remove the fiver completely 
from the body, all tnbutary vessels to the portal vem above the level of 
the cannula were carefully ligatured, a cannula was inserted into the 
bile duct or it was ligatured in order to prevent admixture of the bile 
secreted dunng the perfusion with the blood draining from the vena cava 
Before the perfusion was commenced the blood vessels were washed out 
with Rmger-Locke solution In order to inhibit the glycogenolysis which 
commenced with cessation of the circulation through the fiver, the saline 
solution was cooled m ice to 4°, and the fiver thus kept at a low tempera- 
ture until the artificial circulation could be established 

Samples for acetone body and blood-sugar estimation were taken 
15 minutes after commencement of perfusion, and at 30 minute intervals 
Owing to the small volume of blood in circulation, 10 c c samples only 
could be taken, hence it was necessary to use the van Slyke method of 
total acetone body estimation (li) In the earlier expenments lactic acid 
was also determined by Clausen’s method(i 2 ) 

The total acetone production was found to vary to so great an extent 
with the individual liver that any effect of insulin could be detected 
only by carrying out a prohibitively large number of expenments Thus 
in four expenments in which sodium butyrate was added to the blood 
to gi\ e a concentration of 0 2 p c , the total acetone formation m one 
hour wns 118, 128, 166 5, 141 5 mgs respectively In five similar experi- 
ments with addition of insulin at the commencement, the total acetone 
formation was 75 5, 128, 76, 190, 153 mgs respectively, t e in two 
instances less than, in one instance greater than, and m two instances 
about equal to the production m the control expenments It was 
necessary, therefore, to attempt to obtain both control and expenmental 
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figures from the same liver, and for this purpose several experiments 
were performed m winch the acetone production during two successive 
half-hour periods was determined Although the acetone production was 
not perfectly steady during the course of the perfusion, the amounts 
formed during the two periods were sufficiently nearly equal to make it 
possible to detect any considerable effect of insulin added at the com 
mencement of the second period The following results show that no 
effect, either m the sense of increase or decrease of acetone production, 
results from the addition of 20 units of insulin at the end of the first 
perfusion period 

Table VI Acetone body production, cat's liver perfused with cat’s blood containing 

sodium butyrate. 

Total acetone produced 




Fat 

Glycogen 

Period I 

Penod II 

Exp 


% 

o/ 

/o 

mg 

mg 

24 

Control 

32 

0 05 

50 

40 

25 

do 

14 5 

1 0 

62 

OS 

20 

do 

8 0 

01 

51 

30 

27 

Insulin present 
m Period II 

2 5 

0 1 

72 

80 

28 

do 

03 

05 

GO 

72 

29 

do 

25 

0 1 

41 

3G 


The mean acetone production in the controls was 51 mg in each 
period, in the experiments with insulin, 60 mg in the first period, 63 mg 
in the second period, showing conclusively that insulin does not affect 
acetone production m the perfused cat’s liver 

Perfusion of dogs’ liters The technique was identical with that 
employed m the case of the experiments recorded m Table VI, namely, 
the determination of the acetone produced m two successive half-hour 
periods by perfusion of the liver with dog’s blood containing sodium 
butyrate The volume of blood used nns proportional to the size of the 
animal, the animal’s own blood alone being used 350 c c of blood con- 
taining saline were used for a G-8 kilo animal, and to this vas added 


Table VrL Acetone production in dogs livers perfused nitli blood 


Evp 

30 

31 

32 

33 


sodium butvmte 


Weight 
of !i\er 


Fat 

o 

Ch cogen 

o 

gnn 


o 

o 

225 

Control 

1 9 

1 15 

235 

do 

4 3 

0 15 

275 

Insubn present 

11 0 

0 10 


in Penod II 

295 

do 

2 4 

0 10 


Acetone 


Period I 

fij 

90 

no 


containing 

production 


Period II 

bfi 

fiO 

Of, 

I V) 
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1 PTm. of butync acid as the sodium salt m 10 c c of saline^ At tie 
beaming of tie second period. See of tie same solution and. in two of 
tie exp erim ents 20 units of insuin mere added. 

Owing to tie larger amount of blood available dupicate estimations 
of acetone bodies were earned out in this senes (Table YII) 

These results confirm those on tie cat s liver and short definitely 
that insuin does not afiect tie production of acetone from butyric acid 
m tie perfused dog’s liver 

Eatio of acetone bodies formed to butync acid oxidised tn the hrer 

It was found possible to follow tie rate of removal of butync acid 
from tie blood bv determination of tbe residual butvne acid in 10 e e 
samples of blood taken at intervals during tbe perfusion 

The blood is diluted and freed from protein bv the same method as 
is adopted m the acetone determination bv van Slyke s method. 100 c c 
of tie filtrate axe measured into a htre flask, made up to 160 c c with 
water and distilled at the rate of 110 c c m 30 minutes asmtie Reichert- 
IVolInv volatile acid determination Tie total distillate is then titrated 
with A 20- A/30 sodium hvdroxide to phenol phthalein. 

In order to determine tie accnracv of the method, known quantities 
of butvne acid were added to the filtrate from normal blood distilled, 
and titrated The results are tabulated below 


Butvne acid 

Butvne acid 

add»d 

found 

DI 

hk 

“-So 

9-2— 0-1 

4 T 

4 5-O-V 

19 

1 9-0-1 

0-9 

0-9— 0-1 


The estunanon of small quantities is therefore accurate within the 
error of the ntration ( 02 c c A 2l> XaOH = OSS mg butvne acid) The 
larger quantities of butvne acid are recoverable under these conditions 
to the extent of 96-9$ p c 

When butvne acid is added to the blood before precipitation of pro- 
teins a correcnon has to be introduced owing to adsorption of the acid 
on the protem precipitate If the specified conditions of precipitation 
are adhered to the adsorption of butvne acid is constant at anv erven 
concentration bur \anes with the concentration The following are the 
resuhs obtained when known quannnes of butvne acid were added to 
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Butync aoid 

Butyno aoid 


added 

found 

Recovery 

mg 

mg 

0/ 

/o 

13 5 

12 5 

03 

DO 

S3 

92 

4 6 

4 1 

91 

2 25 

1 8 

SO 

9 

5 

60 


A graph drawn from these results enables the true concentration of 
butync acid to be calculated from the figure obtained by titration When 
the amount of butyric acid distilled is greater than 4 5 mg multiplication 
of the value found by the factor 1 OS gives the true value to within 2 p c 
Those figures were then apphed to the determination of the amount 
of butyric acid removed from the perfusing blood, and compared with 
the amount of butyric acid calculated to give rise to the acetone formed 
during the perfusion Smce the latter figures depend on the total 
acetone estimation of van Slyke, which is an approximation arrived at 
by assuming that m blood the ratio of acetone present as acetone + 
acetoacetic acid to that present as /J-oxybutyric acid is as 1 2, the 

variations in the percentage oxidation of butyric acid to acetone ore 
probably ascribable to variations m the ratio acetone /3-oxybutync acid 
The results are tabulated below 

Table YUL 
Butyno noid 


Time of corresponding to Total butyno % conversion 
perfusion nectono found acid removed of but} no noid 


Evp 

nuns. 

mg 

mg 

to ncotono 

58 

SO 

270 

257 

105 

69 

80 

180 

202 

92 

00 

85 

142 

150 

94 

01 

SO 

158 

209 

74 

27 

80 

2SS 

453 

03 5 

2S 

no 

3S2 

3S0 

100 5 

29 

145 

233 

329 

07 5 

02 

100 

347 

500 

00 5 

03 

so 

337 

441 

70 


The total acetone produced in control perfusions without added butyric 
acid has not been deducted, so that the figures m the last column represent 
the maximum oxidation of butyric acid to acetone, since it is impossible 
to say w hether any of the acetone found is dem ed from substances other 
than butj-ric acid, ? c , whether the mean figure obtained in the control 
perfusions without butjnc acid should be deducted from the total 
acetone in these experiments It seems likely tlint m the presence of a 
substance so easilv oxidised ns butyric acid, the normal oxidatne 
reactions would be partinll} or completely suppressed, hence that the 
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acetone foond in the presence of butyne acid is derived entirely from 
butync acid This wonld mean that the oxidation of butyric acid in the 
liver results in the formation of acetone bodies to the extent of an 
average of 80 p c of the theoretical 

The influence of fat and glycogen on acetone production in the liter It 
appeared from the results of perfusions m which no butync acid had 
been added to the blood, that the capacity of the liver to produce acetone 
bodies was very closely related to the fat content of the liver, and was 
affected also by the presence or absence of glycogen in the liver These 
results aTe tabulated below 


Table IX Perfusions without added butync acid. 





Blood sugar 

o/ 

IO 

Acetone pro 


Fat 

Glycogen 

A 

C‘ 


duced mg 

Exp 

u/ 

/o 

or 

/o 

Beginning 

~End 

per hour 

34 

30 

0 10 

0 500 

0 545 

58 5 

35 

30 

0 02 

0 485 

0 550 

63 

36 

19 

0 50 

0 680 

0 880 

14 5 

37 

8 



0 480 

0 542 

35 

38 

5 

0 20 

0 560 

0 610 

14 

39 

5 

0 10 

0 285 

0 240 

26 

40 

G 

— 

0 640 

0 620 

23 5 

41 

3 

0 50 

0 58 

0 58 

24 

42 

3 

0 25 

0 340 

0 350 

24 5 

43 

— 

0 05 

0-200 

0 224 

70 

44 

— 

0 10 

0 460 

0 678 

11 

Dog« 






65 

23 

30 

0 455 

0 600 

2 

66 

25 

0 10 

0 505 

0-660 

86 

67 

29 

0 50 

0 280 

0-510 

15 0 

6S 

32 

0 10 

0-225 

0 175 

36 

In Exp 

s 35, 36. 

, 38-42, 

insulin was added at 

the beginning of the 

perfusion 

So far as 

can be; 

seen — the large 

variation in acetone produc- 


tion making any comparison difficult — the insulin was without action 
Regarded as a whole, the figures m Table IX show ( 1 ) that with a fat 
content of 5 p c or less, the acetone production tends to be small and 
relatn ely constant , (n) with a high fat content of the liver the acetone 
production is increased, (in) the effect of high glycogen content is to 
depress acetone production (Exps 36, 45) The figures previously given 
m Table I shoe, that these generalisations apply also to the perfusions 
with pig’s blood 

The amount of available glucose m the system, as indicated by the 
lei el of the blood sugar, which varied from 0 20-0 90 p c , appears to 
bare no effect whatsoever on the acetone production 

Carbohydrate metabolism of the perfused liter It has been previously 
mentioned that insulin has no apparent action on glyeogenolysis m the 
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liver The blood-sugar curves obtained during the perfusions with and 
without insulin are similar and no evidence has been obtained m these 
experiments that insulin tends to bnng about a deposition of glycogen 
On the contrary the blood-sugar generally rises during the perfusion 
even when insulin is added and the residual glycogen, which, in 1 1 control 
experiments averaged 0 28 p c , in 15 insulin experiments (of all types) 
averaged 0 23 p c In several experiments m which ice-cold saline was 
used preliminary to perfusion with blood, the blood-sugar fell shghtly, 
but this fall was not increased by addition of ins ulin 

In a large number of experiments the blood lactic acid was estimated 
and the slope of the lactic acid curve was in almost all cases in the 
opposite direction to that of the blood-sugar curve The absolute amounts 
of glucose and lactic acid appearing and disappearing were not great, 
however, nor were they equivalent, that of the glucose bemg always the 
greater 


Table X. Changes in blood sugar and lactio acid during perfusion of liver 



Time of 

norfiiai nn 

Blood sugar % 

Lactio acid % 

Exp 

yvllUBtull 

mrne 

Beginning 

End 

r 

Beginning 

End 

46 

00 

0 341 

0 373 

0 100 

0 073 

40 

00 

0 732 

0 892 

0 077 

0 070 

47 

00 

0 702 

0 775 

0 054 

0 032 

48 

00 

0 208 

0 300 

0 006 

0 003 

49 

00 

0 641 

0 090 

0 080 

0 054 

60 

00 

0 410 

0 458 

0 000 

0 035 

51 

90 

0 294 

0 357 

0 040 

0 034 

52 

00 

0 294 

0 340 

0 000 

0 041 

63 

120 

0 190 

0 200 

0 053 

0 045 

36 

00 

0 200 

0 224 

0 026 

0 021 

37 

120 

0 460 

0 038 

0 078 

0 033 

64 

120 

0 260 

0 280 

0 044 

0 032 

65 

00 

0 537 

0 580 

0 000 

0 052 

60 

100 

0 S50 

1 035 

0 110 

0 100 

57 

00 

0 545 

0 450 

0 044 

0 039 

68 

00 

0 328 

0 308 

0 044 

0 044 

69 

00 

0 300 

0 208 

0 050 

0 055 

00 

00 

0 274 

0 250 

0 042 

0 050 

01 

00 

0 280 

0 230 

0 039 

0 050 


Discussion 

The failure of insulin m these experiments to inhibit, as it does in 
diabetes, the formation of acetone bodies, is capable of explanation in 
two different ways The experiments show that the isolated liver perfused 
with blood to which no butyric acid has been added produces acetone 
bodies to a variable extent, the amount formed being dependent on the 
glycogen and fat content of the organ Glycogen inhibits acetone bod} 
formation and fat increases it Since the amounts of these tv o substances 
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in the liver under physiological conditions usually vary inversely, it is 
not possible to say that one or the other is the more potent factor 
Several of the experiments however suggest strongly that it is the 
glycogen content which governs the formation of acetone bodies 

Insulin, according to the experiments of Frank, Hartman and 
Nothmann(i3), Banting and others (14), causes a deposition of glycogen 
m the liver of the intact or depancreatised animal, and its failme m the 
perfusion experiments to affect the formation of acetone bodies may be 
due to the fact that it failed also to affect the glycogenic function, pre- 
sumably because the nervous control was lacking The other explanation 
would be that insulin does not effect the inhibition of the formation of 
acetone bodies in diabetes by an action on the liver but on some other 
organ or tissue and hence with the isolated liver no influence of msiibn 
on acetone body formation might be expected Because of the localisa- 
tion of the production of acetone bodies m the liver, it is difficult to 
accept an explanation of this latter land although it appears theoretically 
possible, and the authors incline therefore to the first view as being the 
more probable If this be the true explanation, then the antiketogenic 
action of insulin in diabetes must be attributed to its ability to cause 
glycogen storage m the fiver m the intact animal and not to any modifica- 
tion of the oxidative processes which fat undergoes 

Since there was an abundance of glucose m the blood during all the 
experiments, it appears that a supply of glucose alone does not affect 
the formation of acetone bodies, nor does glucose m the presence of 
insulin exercise any antiketogenic action, so that the hypothesis that it 
is some more reactive form of glucose formed under the influence of 
insulin which has antiketogenic properties, is also not borne out The 
assumption that some form of chemical combination occurs between 
acetone bodies and carbohydrate, in order that the former may be 
oxidiscdhasbeenmadebyGeelmuyden(i6),Rmger(iT),AVoodyatt(iS) 
anc haffer(iO) The experiments described m this paper do not give 
an) evidence m faiour of such mews, for the presence of an abundance 
o g ucose in the blood and the fact that glycogenolysis was taking place 
m most of the experiments do not appear to have influenced the forma- 
ion o acetone bodies, either without the addition of sodium butymte 
or in its presence The fact that the amount of glycogen in the fiver 
mot 1 ies the production of acetone bodies might be taken to mean that 
ns car io ij drate is the one with which they must combine m order to 
c o\i ised further, but this seems very unlikely on general grounds 
more reasonable interpretation of the antiketogenic action of carbo- 
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liver The blood-sugar curves obtained during the perfusions with and 
without insulin are similar and no evidence has been obtained m these 
experiments that insulin tends to bring about a deposition of glycogen 
On the contrary the blood-sugar generally rises during the perfusion 
even when insulin is added and the residual glycogen, which, mil control 
experiments averaged 0 28 p c , in 15 insulin experiments (of all types) 
averaged 0 23 p c In several experiments in which ice-cold saline was 
used preliminary to perfusion with blood, the blood-sugar fell slightly, 
but this fall was not increased by addition of insulin 

In a large number of experiments the blood lactic acid was estimated 
and the slope of the lactic acid curve was m almost all cases in the 
opposite direction to that of the blood-sugar curve The absolute amounts 
of glucose and lactic acid appealing and disappearing were not great, 
however, nor were they equivalent, that of the glucose being always the 
greater 


Table X. Changes in blood sugar and la otic acid during perfusion of liver 



Timo of 

nmn 

Blood sugar % 

K 

Lactio acid % 

Exp 

UoIUIl 

mins. 

Beginning 

End 

Bognmmg 

End 

45 

GO 

0 341 

0 373 

0 100 

0 073 

4G 

00 

0 732 

0 892 

0 077 

0 070 

47 

00 

0 762 

0 776 

0 054 

0 032 

48 

00 

0 20S 

0 300 

0 066 

0 063 

40 

60 

0 641 

0 690 

0 080 

0 054 

50 

00 

0 410 

0 468 

oooo 

0 035 

51 

90 

0 294 

0 357 

0 040 

0 034 

62 

00 

0 294 

0 340 

0 060 

0 041 

63 

120 

0 190 

0 200 

0 053 

0 045 

36 

00 

0 200 

0 224 

0 020 

0 021 

37 

120 

0 400 

0 038 

0 078 

0 033 

64 

120 

0 200 

0 280 

0 044 

0 032 

65 

00 

0 537 

0 580 

0 000 

0 052 

BO 

100 

0 850 

I 035 

0 110 

0100 

67 

00 

0 646 

0 450 

0 044 

0 039 

BS 

00 

0 32S 

0 308 

0 044 

0 044 

60 

00 

0 300 

0 208 

0 050 

0 055 

GO 

00 

0 274 

0 250 

0 042 

0 050 

01 

00 

0 280 

0 230 

0 039 

0 050 


Discussion 

The failure of insulin in these experiments to inhibit, as it does in 
diabetes, the formation of acetone bodies, is capable of explanation m 
two different ways The experiments show that the isolated In er perfused 
with blood to which no butyric acid has been added produces acetone 
bodies to a variable extent, the amount formed being dependent on the 
glycogen and fat content of the organ Glvcogen inhibits acetone bod } 
formation and fat increases it Since the amounts of these tv. o substances 



THE IMPULSES PRODUCED BY SENSORY NERVE- 

ENDINGS Part 4 Impulses from Pam Receptors 

By E D ADRIAN 

(From (he Physiological Laboratory, Cambridge ) 

The present investigation deals with the analysis oi the impulses set up 
in cutaneous nerves by painful stimuli and compares the pain discharge 
with that of other receptors The older mew that pain resulted from 
excessive stimulation of any cutaneous receptor has been largelv aban- 
doned in favour of the idea of special pain receptors and conductors The 
specific character of “ pain ’ suggests that these receptors and conductors 
may differ considerably from those of the other tvpes of cutaneous 
sensation For mstance, the “ protopat hie and epicntic ’ hypothesis of 
Head and Rivers demands that the nerve fibres concerned with pain 
must belong to a system phylogenetically distinct from those concerned 
with touch and the histological work of R anson has added the mew that 
the pam fibres maybe non-medullated Again, the pain receptor probably 
differs from many others in the absence of a capsule surrounding the 
axon termination and for this reason it has been suggested that the dis 
charge of impulses from the pam endings may have some characteristic 
frequency or grouping of its own. These and similar possibilities can 
evidently be tested bv recording the impulses produced in the afferent 
nerve fibres by a painful stimulus 

Preliminary observations (l) with the capillary electrometer and am- 
plifier showed that it was possible to record the action currents set up 
in afferent nerves when the skin was pinched or pricked The next step 
was to secure that not more than a few nerve fibres should he in action 
together so that each impulse might he recorded without interference 
Apart from the use of nerves with verv few fibres two general methods 
may be applied in any research of this character, namelv (1) to restrict 
the stimulus to a very small area so that only a few receptors are stimu- 
lated, (2) to destroy or put out of action all but a few of the receptors or 
nerve fibres which will he affected by the stimulus The former method 
is suited to the present case since a prick with a very fine needle will 
produce sensation which is clearly painful, but will scarcely stimulate 
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The present investigation deals with the analysis of the impulses set up 
in cutaneous nerves bv painful stimuli and compares the pain discharge 
with that of other receptors The older view that pain resulted from 
excessive stimulation of anv cutaneous receptor has been largely aban- 
doned in favour of the idea of special pain receptors and conductors The 
specific character of “ pam suggests that these receptors and conductors 
may differ considerable from those of the other tvpes of cutaneous 
sensation For instance, the ‘ protopathic and epientic hvpothesis of 
Head and Rivers demands that the nerve fibres concerned with pam 
must belong to a svstem phvlogeneticallv distinct from those concerned 
with touch and the histological work of R anson has added the new that 
the pam fibres may be non-medullated Agam the pam receptor probabl v 
differs from manv others in the absence of a capsule surrounding the 
axon termination and for this reason it has been suggested that the dis 
charge of impulses from the pam endings may have some characteristic 
frequence or grouping of its own These and similar possibilities can 
evidently be tested by recording the impulses produced in the afferent 
nerve fibres by a painful stimulus 

Preliminary observations (l) with the capillary electrometer and am- 
plifier showed that it was possible to record the action currents set up 
m afferent nerves when the skin was pinched or pricked The next step 
was to secure that not more than a few nerve fibres should be in action 
together so that each impulse might be recorded without interference 
Apart from the use of nerves with very few fibres two general methods 
may be applied m any research of this character, namelv (1) to restrict 
the stimulus to a very small area so that only a few receptors are stimu- 
lated, (2) to destroy or put out of action all but a few of the receptors or 
nerve fibres which will be affected bv the stimulus The former method 
is suited to the present case since a pnek with a verv fine needle will 
produce sensation which is clearly painful, but will scarcely stimulate 
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a large number of pain endings The ideal site for the stimulus would be 
a region sensitive to pain but not to touch, e g the cornea or the glans, 
but considerable technical difficulty would attach to working with these 
regions and it was decided to use a more convement area of skm surface, 
bearing in mind that the stimulus might set up impulses in other re- 
ceptors besides those of pam Most of the experiments were made on 
the spinal (decapitated) cat using the preparation of the internal plantar 
nerve employed by Zotterman and the wnterp) for the study of 
impulses due to pressure A few confirmatory experiments were made 
on the frog, these although much easier to cany out present the <hs 
advantage that we know little about the character of the sensations or 
sensation provocable from the frog’s skm 

Stimulating apparatus Two methods of stimulation were used. In 
both a prick was delivered by a fine needle (usually a gilt “entomo- 
logical pin”) clamped in the end of a vulcanite rod (A 7 , Tig 1) Id 



fig 1 Stimulating apparatus. A Constant araight on needle. B Needle 
pressed doirlr through dim 


first method the rod is fixed at the end of a lever Lj. pivoted at its mid- 
point and carmng a nder R which can be moved so that the weight on 
the needle varies from 3 to 99 grm The lever L^is connected by a string to 
another lever L z which m turn is connected to L^. an arm which can 
be moved np or down at a constant rate by a weight acting against the 
resistance of an oil dash pot In the resting position ij is held so that 
the pomt of the needle is 1 cm. above the sl-in When L 3 is released the 
needle is lowered smoothlv at a rate of about 2 c m. per second and comes 
to rest on the skm with a weight determined bv the position of the nder 
When this apparatus is tested on the palmar surface of the finger tip 8 
momentarv sensation of touch is all that is produced when the weight on 
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the needle is only 3 grm When it exceeds 30 grin a sharp prick is felt and 
the duration and intensity of the pain increases with greater weights In 
regions where the skin is more delicate pain may be felt with a much 
smaller weight than 30 grm The advantage of the method lies in the 
fact that the stimulus can he graded to some extent by altering the 
weight, but it has the disadvantage of producing its greatest effect at 
the moment of contact, when touch as well as pain receptors may be 
stimulated 

In the second method (Fig 1 B) the needle is pushed slowly into the 
skin. The rod holding the needle is fixed to a lever which is coupled to 
a long arm the end of which presses against the sound box earner of a 
clockwork driven phonograph Wien the phonograph is set m motion 
the earner is moved forward slowly by a fine screw and the needle point 
moves downwards at a rate of 3-5 mm per minute In the Testing 
position the needle is set so that its point is just touching the skm When 
the finger tip is tested, an ill-defined sensation of contact is experienced 
when the clockwork is started but this soon gives place to one of pam 
which becomes more and more intense as the needle is driven deeper into 
the skm. The pam diminishes slowly after the movement is stopped 
This method has the advantage of giving a gradually increasing stimulus 
and of giving one which is bound in the end to be painful however tough 
the skm may be 

A. Experiments on cats 

The experiments on cats will be described first The animal was 
decapitated under chloroform anaesthesia and the hmd limbs were im- 
mobilised by nerve section The medial branch of the internal plantar 
nerve was dissected out as far down as the point where it is crossed by 
a small blood vessel about 1 cm from the end of the toe The upper end 
of the nerve was cut just below its entry into the mam trunk of the 
internal plantar A diagram of the nerves concerned is given m Part 3 
of the present senes The nerve supplies the skm on the medial side of 
the inner toe , the skm on the side of the toe pad is hairless and not very 
tough and it was m this region that the stimulus was applied The hairs 
m the neighbourhood were all cut short 

The animal was placed on an insulated stand inside the metal prepara- 
tion box and the leg was fixed to a smaller stand carrying the electrodes 
The lateral side of the inner toe was supported by a rigid platform to 
prevent it moving under the pressure of the needle The interior of 
the preparation box was warmed, the nerve was constantly irrigated 
with Ringer at 37° G and between the observations it was taken off the 


3—2 



36 


E D ADRIAN 


electrodes and covered with lint soaked m Ringer and kept warm by a 
small carbon lamp 2—3 cm away With these precautions the nerve 
usually remains m good condition for more than an hour 

Twelve ammals were used and m all of them occasional impulses 
passed up the nerve m the absence of any kind of stimulation The 
frequency of this “resting” discharge is low (5-40 per second) when the 
preparation has been set up for ten minutes or more, but may be very 
high m records taken immediately after the dissection is finished 
Pig 2 shows the confused medley of action currents obtained just after 



Fig 2 Resting’ diaoharge from medial branch of Internal Plantarnerre (cut) A Exp 4 
Preparation just set up No stimulation. B Exp 1 Preparation just set up No 
stimulation. C Exp 1 Ten minutes later 


the preparation is set up and the much lower frequency ten minutes 
later This initial discharge is presumably due either to pain impulses 
arising from damage to the s ki n m the region supplied by the nerve or 
to the stimulation of other receptors (e g haws, temperature, etc ) by 
the new conditions to which the foot is exposed After the initial dis- 
charge has subsided the resting frequency usually remains at constant 
value or declines progressively It has never shown a marked nse m the 
absence of stimulation 

Results The film records given m Fig 3 (Exp 2) show the nature of 
the discharge produced by the first method of stimulation (needle 
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lowered on to skia and allowed to remain there with constant pressure) 
The dark signal line merely records the movement of the lever L z and 



Fig 3 Erp 2 (cat) Stimulation bv first method (constant -weight) Time marker gives 
> 1 - second intervals. -1 Weight on needle 3 grm. B Weight on needle 43 grm. C 
Weight on needle 99 grm D Pestuig discharge beiore stimulation (same record ns 
C ) E Same record as C IS seconds after beginning of stimulation. 

does not give the actual moment at which the needle touches the skin, 
but this last is very clearly signalled by the sudden outburst of impulses 
in the nerve There is a resting discharge at a rather higher frequency 
than usual (about 40 a second) and in the top record, where the weight 
on the needle is only 3 grm., the contact of the needle with the skin gives 
an increased frequency of discharge which only lasts for 15 second 
When the weight is increased to 43 and 99 grm (Fig 3 B and O) a 
persistent discharge is set up, and Fig 3 E shows that the frequency is 
still considerably above normal after the needle has remained in position 
for 18 seconds At the height of the discharge there is great overlapping 
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between, impulses m different fibres and tbe total frequency is difficult 
to state correctly, but within a second after tbe moment of contact the 
overlapping is much less and the frequency has fallen to 150 per second 
The decline m frequency is shown m Fig 4 which gives the total fre- 



Fig 4. Decline in frequency of discharge with constant stimulus 


cjuggcics per second, in Exps 2 and 3 with, this form of stimulation The 
value given for the maximal frequency (200 per second) may be too low 
but tins figure was not exceeded m records on fast moving plates made 
within \ second of the moment of contact 

In Exp 2, it will be seen that the curves fall into two groups When 
the weight on the needle is 3 grm or 20 grm the discharge has returned 
to its initial (“resting”) frequency within a second, when the weight is 
43 or 99 grm the frequency declines much more slowly and has not 
returned to the initial value m 20 seconds or more This grouping is 
probably related to the fact that on the finger the smaller weights give 
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only a momentary sensation of touch whereas the larger give a more 
persistent sensation of pam Stimuli with 43 or 99 grm cause a bnsh 
flexion in the spinal cat with nerves intact and with 99 grm the point 
of the needle was found to have penetrated the skm 1 mm or more Thus 
the majority of the impulses set up by the strong stimuli after the first 
second are probably due to the stimulation of pam receptors 

Since the total frequency after one second of stimulation is not more 
than 200 per second at most, the number of impulses discharged in a 
second in each nerve fibre cannot be higher than this The impulses might 
perhaps be discharged at a much higher frequency in very short bursts 
with pauses in between, but there is no indication of this in records taken 
on rapidly moving plates An example of such records is gi\ en in Fig 5zl , 
it will be seen that the impulses occur without characteristic spacing 



Fig 5 Plate records (cat) Tune marker gives 01 second intervals. A Exp. 4 . Stmrala 

T Vi ^ *? ,ght for M seeond * action currents 

5 Eip 5 Stimulation by second method. Needle daven in slowly for 20 seconds. 
Monophasic action currents. C Exp 5 Before Btunnlabon. second 
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More decisive information is given by the second method of stimula 
tion in which the needle is pushed slowly through the skin, m this case 
there can be no question but that most of the impulses arise from pain 
receptors Fig 6 (Exp 5) shows the evolution of the discharge under 



this method, the curves being constructed from two continuous film 
records The frequency of discharge rises gradually from the resting value 
and after the downward movement of the needle has proceeded for 
20 seconds the frequency reaches a more or less steady value of about 
140 per second It is difficult to count this in the film records owing to 
the crowding together of the impulses, and records taken on rapidly 
moving plates at 20 seconds from the beginning of stimulation gave a 
higher frequency, 180-200 per second One such record is shown in 
Fig 5 B Since the needle has penetrated 5 to 1 mm mto the skin in 
20 seconds and since with the finger-tip under like circumstances acute 
pam is reached at that stage, the majority of the impulses shown m 
Fig 5 B are certainly due to pam receptors Indeed the curves in Figs 4 
and 6 giving the rise and decline m the frequency of the impulses are in 
surprisingly close agreement with the rise and decline in the pam sensa- 
tion produced by the two forms of stimulation apphed to the tap of the 
finger 
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Tune relations of pain impulses The view that pain impulses are 
earned by nerve fibres different m character from those subserving 
other species of sense suggests that possibly the time relations of the 
individual impulse may be different In particular, if the pain fibre is 
non-medullated the rise and decline of the “pam” impulse should be 
much the slower The time relations of a typical pain impulse may bo 
determined from an analysis of the monophasic responses recorded 
when the needle is thrust slowly mto the skin Fig 5 B gives a record of 
this kind and an analysis of two of the impulses is shown on an extended 
time scale in Fig 7 For comparison with it an analysis is given of mono- 



Fig 7 Time relations ot impulses produced by different receptors m the frog nnd cat All 
monophase. Temperature m frog experiments between 12 and 14° C 


phasic impulses taken at random from the records of Zotterman and 
the writer with the same preparation stimulated by pressure The 
pressure in this case was 200 grm on a disc 11 mm m diameter and it is 
very unlikely that this would produce a sensation of pam. Yet the two 
impulses clearly agree within the hunts of experimental error and their 
duration is much shorter than one would expect from non-medullated 
nerve fibres It is difficult to assess the limits of error m these measure- 
ments since so much depends on the accuracy of the analysis, but the 
time relations shown m the figure agree fairly well with those given by 
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Erlanger and Gasser(3) using the cathode ray oscillograph The latter 
have shown ( 4 ) that there may be considerable differences in the rates 
of conduction m different afferent fibres although the duration of the 
action current is much the same in all It is therefore quite possible that 
the pain fibres may possess a distinctive conduction rate in spite of the 
agreement in the action currents m Fig 7 

As may be seen from the photographs (Fig 5), there is very little 
variation in the duration of different impulses In certain records there 
are occasional excursions with a duration about twice as long and an 
amplitude (when analysed) about one-fifth as great as that of the usual 
impulses These have been met with m records of moderate pressure aB 
well as in those of pain and they are not more frequent with painful 
stimuli When present their frequency is low (e g 20 per second) They 
can scarcely be due to impulses travelling in incompletely recovered 
nerve since they may occur by themselves in a quiet period It is possible 
that they may be identical with the “delta” process of Erlanger, 
Bishop and Gasser (5) Whatever they are there is no reason to 
suppose that they are the typical product of the pain receptors in the 
skin 

Grouping of impulses As far as the grouping of impulses is concerned 
there is nothing to distinguish a discharge of pam impulses from that of 
impulses due to moderate pressure In both the total frequency will 
depend on the number of receptors in action, but if the area covered by 
the stimulus is such that the total frequency is about 150-250 per second 
the records would be indistinguishable This may be seen from a com- 
parison of the present figures with those given in Part 3 In both the 
impulses are more or less evenly spaced and show little variation in 
amplitude apart from the larger excursions made up of two or three 
impulses occurring simultaneously When two impulses are very close 
to one another the second is never markedly smaller than the first as it 
would be if both occurred in the same fibre and there is no sign that the 
discharge ever takes the form of a rapid series of impulses in each fibre 
followed by a pause and then another rapid senes in the same fibre 
Regular rhythms have been observed m two only of the experiments 
In one (Exp 4) a pnck of 20 grm weight applied for 1 second gave a 
regular senes with a period of 03 per second and the same stimulus 
applied for 5 seconds gave a regular period of 037 per second Both 
records contain other impulses which cannot be grouped into regular 
series In the other experiment (Exp 6) there were penods of 029 and 
04 second in the same record taken when the needle had been resting 
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on the skin with a weight of 43 grm for 20 seconds In the same pre- 
paration a weight of 8 grm for 3 seconds gave a regular discharge with 
a period of 0163 second This result is interesting as showing that a 
stimulus which is probably non-painful may evoke a higher rate of 
discharge than one probably painful The total frequency is however so 
low, even when the needle is being pushed slowly through the skm, that 
there can be no doubt that the discharge of impulses produced by a 
painful stimulus is not characterised by a specially high frequency m 
each nerve fibre Judged both by the total frequency in the nerve and 
the occasional regular rhythms, the usual frequencies in the individual 
fibre correspond with that found by Zotterman and the writer for the 
pressure receptors, and ate of the same order as those found by them for 
the receptors in the frog’s muscle 

In most of the records it has not been possible to trace any regular 
rhythms, but here, as in the case of pressure stimuli, a sufficient explana- 
tion may he in the fact that a single nerve fibre leads from a number of 
pain endings which may interfere with the activity one of another Owing 
to the absence of regular rhythms it is impossible to say how far the 
frequency in each nerve fibre vanes with the intensity of the stimulus 
When the pin is pushed slowly through the skm the rise in total frequency 
is no doubt due in part to an increase in the number of fibres m action, 
though the fairly uniform distribution of the impulses (e g m Fig 5 B) 
suggests that each fibre is maintaining a high rate of discharge 


B Experiments on Frogs 

For many reasons it is very much easier to carry out experiments of 
this kind on the frog instead of the cat The nerves are more easily dis- 
sected out, they need not be kept at 37° C and the whole routine of the 
experiment is much simpler A difficulty lies however in interpreting 
the results In the case of the frog, it is much less clearly possible for 
the observer to discriminate between stimuli applied to its skm as to 
their being painful or painless Further, the skin-receptors of the frog 
are morphologically much less diverse than those of mammals 1 Never- 
theless, it seems unlikely that the nerve impulses evolved by pricking 

1 According to Gaupp(e) there are only two forms of sensory ending one commits 
of an arborisation of naked am cylinders about the cells of the epidermis the other is 
more highly digerenhated, occurs only in certain parts of the skm surface, and consists 
o a small group of cells m the conum surrounding the terminations of a medullated 
tTho” Th ° laUCT “ eenem}ly re S arded ** aa organ of pressure or touch (“Macula 
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the frog's skin with a needle, whether or no they give rise to a reaction 
truly descnba ble as “pain,” differ considerably from the pam impulses 
in mammals 

The nerve employed m the present experiments was the superficial 
branch of the tibial nerve This sends a branch to the skin on the medial 
aspect of the leg a short distance above the ankle All other branches 
were divided and the nerve was cut just below the knee The skin was 
so dissected that an area about 1 cm square about the point of entry of 



Fig 8 Plato records from superficial branoh of tibial norve (frog) Time marker gives 
01 second intervals. A, B and C Exp 14 Constant weight on needle Moment of 
stimulation coincides with release of plate A Weight } grin The record shows almost 
the entire discharge B Weight lOgrm Regular rhythm in first port of record. 
C Weight 25 grm D Exp 12 Second method. Needle driven through skin for 

15 seconds 
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the nerve could be laid with the subcutaneous surface downwards on a 
pad of filter paper soaked m 
Rmger’s fluid In three ex- 
periments the skm and the 
nerve were removed com- 
pletely from the frog, m 
three others one side of the 
s km was left attached to the 
leg 

When the nerve is con- 
nected with the amplifier 
and electrometer impulses are 
usually completely absent 
unless the skm be stimulated 
At most there may be a 
discharge of two or three a 
second The results of stimu- 
lating by the first method 
(constant stimulus) are shown 
m the records in Figs 8 and 
9 and m the curves in Fig 10 
(Exps 9 and 10) Four curves 
are given from two diflerent 
frogs and it will be seen that 
they agree iery closely The 
maximum frequency is just 
under 150 per second and the 
records m Figs 8 and 9 show 
the absence of any character- 
istic grouping of impulses 
Records with the second 
method of stimulation (needle 
slowly penetrating the skm) 
are also given m Figs 8 and 
9 and the gradual rise in 
frequency is shown m the 
curve m Fig 10 (Exp 11) 

Apart from the absence of a 
resting discharge, the lower 
total frequency and the more 
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the frog’s skm with a needle, whether or no they give rise to a reaction 
truly descnbable as “pain,” differ considerably from the pam impulses 
in mammals 

The nerve employed m the present experiments was the superficial 
branch of the tibial nerve This sends a branch to the skin on the medial 
aspect of the leg a short distance above the ankle All other branches 
were divided and the nerve was cut just below the knee The skm was 
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Fig 8 Plate records from superficial branoh of tibial nene (frog) Time marker gives 
01 second intervals A B and C Exp 14 Constant weight on needle Moment of 

stimulation coincides with release of plate A Weight J grrn The record shows almost 
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15 seconds 
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Ringer’s fluid In three ex- 
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nerve were removed com- 
pletely from the frog, m 
three others one side of the 
skm was left attached to the 
leg 

When the nerve is con- 
nected with the amplifier 
and electrometer impulses are 
usually completely absent 
unless the skm be stimulated 
At most there may be a 
discharge of two or three a 
second. The results of stimu- 
lating by the first method 
(constant stimulus) are shown 
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(Exps 9 and 10) Four curves 
are given from two different 
frogs and it will be seen that 
they agree yery closely The 
maximum frequence is just 
under 150 per second and the 
records in Figs 8 and 9 show 
the absence of any character- 
istic grouping of impulses 
Records with the second 
method of stimulation (needle 
slowly penetrating the skm) 
are also given in Figs 8 and 
9 and the gradual rise m 
frequency is shown in the 
curve in Fig 10 (Exp 11) 
Apart from the absence of a 
resting discharge, the lower 
total frequency and the more 
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rapid decline, these results are in complete agreement with those 
ob tamed in the cat 



FiK 10 Impulses from frog’s aim Dedme m frequency noth constant stimulus 
and gradual increase with increasing strmnlus 


An analysis of typical monophasic impulses is given in Fig 7 side by 
side with an analysis from the records of Zotterman and the writer 
of the afferent nerve impulses produced by a tension of * grm on the 
frog’s sterno-cutaneons muscle The duration of the impulses is naturally 
longer than m the mammalian nerve but there is again no Terence 
between the impulses set up m the two different lands of receptor 
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As in the records from the cat, regular rhythms are very uncommon 
One with a frequency of 100 per second occurs m the first part of Fig 8 B, 
hut it cannot be traced m the latter part of the record 

Adaptation The curves in Fig 10 show the decline in frequency when 
the needle remains in position with a load of 43 grm This decline is 
much more rapid than that found for the muscle receptors of the frog 
stimulated by constant tension (cf Part 2) But the rate of adaptation, 
t e the decline in the effectiveness of the stimulus, must be even greater 
than is indicated in Fig 10 This appears when we study the effect of 
altering the strength of the stimulus In the frog’s muscle receptors an 
increase in tension produces an increased frequency of discharge and the 
rate of decline of the frequency when the tension is steady is always 
much the same On the other hand, in the frog’s cutaneous nerves, 
if the load on the needle is reduced from 43 grm to | grm the 
maximum frequency of the discharge is scarcely affected but the rate 
of decline becomes so rapid that the whole discharge is over m 
1 second or less This may be seen in Fig 8, where A is almost the entire 
discharge produced by a weight of | grm on the needle and C is 
the initial part of one lasting 3-4 seconds produced by a weight of 
25 grm The same result is shown m Table I, which gives the number of 
impulses counted in successive periods m another experiment made with 
contmnouB film records 


Table L 


Exp 13 
Load on needle 


Period 

Rest - 1-0 sec. 

Stimulus — 0 - 05 

05- 1 
1 - 15 
15- 2 

2- 25 
25- 3 

3- 35 
35- 4 

4- 45 
45- 5 

5- 75 
75-10 

10-20 
2 0-30 


43 grm. 4 grm f grm 
Knmber of impulses in 
successive periods 

r- * , 

0 0 0 

7 7 8 

7 4 0 

5 3 3 

5 2 0 

7 3 0 

4 2 0 

5 1 0 

7 1 0 

3 2 0 

2 2 l(t) 

14 0 o 

15 0 o 

31 2 o 

25 0 ] 


twTbV* 18 ™? al i freC1UenCleS are S ° cl0Sely 8umlai xt unlikely 
that the longer discharge is maintained by additional receptors brought 
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into play by the stronger stimulus and having a slower rate of adapta 
tion Should that be so, the additional receptors must be credited with 
a latent period of 1 second or more, since otherwise the stronger stimulus 
would give a higher frequency during the first 1 second It is more 
probable that we are dealing throughout with a group of receptors which 
adapt so rapidly that a £ grm stimulus, though initially strong enough 
to produce the maximum rate of discharge, has become completely 
ineffective within 2 second, although a much stronger stimulus remains 
above the threshold value for a longer time 

This raises several points of interest In the first place the receptor 
with whioh we are dealing is almost certainly the free mtra-epithehal 
nerve ending, since the maculae tactus are very far apart m this region It 
was pointed out by Sherrington (7) that the free nerve ending provides 
a suitable “pain ” receptor since, inter alia, it may be expected to respond, 
like a nerve fibre, to any form of stimulus which is sufficiently strong 
It is interesting, therefore, to find that the pain receptors adapt them- 
selves to a constant stimulus at a rate comparable to that of a nerve 
fibre and much more rapid than that of a complex end organ like a 
muscle spindle Although the time relations are not the same, the 
present records with different weights on the needle bear a close resem 
blance to Garten’s records(S) of the multiple discharges produced by 
a constant current m a nerve trunk 

The varying duration of the discharge is important from another 
point of view A prick of 48 grm undoubtedly provokes a much greater 
motor response m a spinal frog than does one of £ grm The maximal 
frequencies of the discharges are the same, and therefore the change in 
the response cannot depend on the frequency alone If we make the 
assumption (discussed above) that the stronger stimulus does not bnng 
any fresh receptors into play, the greater response must be due simply 
to the greater duration of the discharge If this is so, the pam reaction 
must be determined by the summation of a number of impulses m the 
central nervous system and the very brief discharge might be inade- 
quate to excite the appropriate arcs It is possible that there are other 
paths open to a brief discharge, and in this way the skin receptors in 
the frog may conceivably serve a double purpose, calling up “touch 
reactions’’ when the stimulus is very weak and pam reactions’ when 
the discharge has a sufficient momentum to bring the pam mechanism 
into play 

Whether there is really any qualitative difference m the reactions 
of the frog to a very light and a very heavy prick it is hard to say, but 
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it is worth enquiring whether the skin receptors of the cat may not serve 
m the same way for touch and pain reactions according to the varying 
duration of the discharge set up In the cat’s pad a light touch with the 
needle point produces a very bnef discharge (cf Fig 3) 1 and in man it 
may give a momentary sensation of contact There can be little doubt 
that most sensations of touch are due to specific receptors, but it has 
long been known that the terminal organs anatomically known as 
“touch-corpuscles” are far too sparse to provide of themselves the 
cutaneous sense of touch (contact) The intra-epithelial nerve endings 
could scarcely serve for lasting sensations of contact as well as for pam, 
bnt it seems quite possible that they may account for momentary 
sensations which are not painful 


Discussion 


The foregoing analysis has shown that the discharge of the pain 
receptors differs very little from that of other receptors The range of 
frequency in each nerve fibre is apparently much the same, the time 
relations of the individual impulses are the same and the impulses show 
no characteristic grouping The only feature which is at all character- 
istic is the relation between the strength of the stimulus and the 
duration of the discharge set up If we grant that the same receptor 
may give a very bnef discharge with a weak stimulus and a much longer 
one when the stimulus is stronger, it seems likely that the character of 
the reaction is determined by the duration of the discharge, and it is 
conceivable that a momentary stimulation of the pam receptor may 
sometimes evoke a sensation which is not painful The suggestion that 
a summation of impulses must occur before the pam reaction is aroused 
would provide an explanation for the supposed longer latency of the 
pam sensation as compared with other sensations On the other hand, 
considerable difficulties are introduced by the fact that a single induction 
shock to a nerve trunk can give nse to pam. Evidently there are some 
pam fibres which have imm ediate access to the central mechanism of the 
pam reaction without the necessity for temporal s umma tion, or else we 
must suppose that the simultaneous arrival of a number of impulses in 
different fibres is as effective as their successive arrival in one fibre 
Apart from these speculations it is clear that we must accept the 
established view of specific pam fibres which produce their effects in 


1 But lt 13 noteworthy that in the cat a pam discharge may continue for a Ions time 
(30 eeconds or more) with a constant stimulus if the needle has penetrated the skm. lW.lv 
the rate of adaptation is dower for the endings which are more deeply situated. 
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virtue of their central connections and not in virtue of a characteristic 
type of impulse or arrangement of discharge 

It is particularly interesting to find that the ma ximum frequency of 
the discharge in each nerve fibre is much the same for all the receptors 
so far investigated, namely about 150 per second m the cat and 100 per 
second m the frog This suggests that the limits of frequency are not 
determined by the structure of the particular end organ but must 
depend on something common to all end organs, e g the properties of the 
naked axis cyhnder On the other hand, the rate of adaptation certainly 
varies widely as between one type and another of receptive organ 

Conclusions 

1 Impulses produced in cutaneous nerves by painful stimuli to the 
skin have been recorded m the cat and m the frog By the use of a 
sharply localised stimulus (the prick of a fine needle) the number of 
fibres in action can be restricted so that individual impulses can be 
recorded without interference 

2 With a constant stimulus (the needle pressing with a constant 
weight on the skin) the frequency of the discharge declines rapidly from 
its initial, maximum value With an increasing stimulus (the needle 
slowly driven through the skm) the frequency rises gradually and de- 
clines again when the movement is stopped The intensity of the pain 
sensation in man follows much the same course 

3 The impulses produced by the pain receptors have the same time 
relations as those produced by pressure receptors (cat) and muscle 
receptors (frog) The frequency of discharge m each fibre seems to cover 
the same range and there is nothing characteristic m the grouping of the 
impulses 

4 The only distinction which can be drawn between the discharge 
of the pam receptor and that of other receptors lies m the very brief 
duration of the discharge with weak stimuli It is suggested that these 
brief discharges may not be adequate to evoke the pain response but 
may serve instead for momentary sensations of contact, the development 
of the pam response depending on the summation of impulses m the 
central nervous system 

5 Since the range of frequency in each fibre is much the same for 
all the receptors investigated, it is presumably determined by some 
common factor such as the properties of the naked axis cyhnder, and 
not by the particular structure of the end organ 

The expenses of this research wore defrayed in part by a grant from the Government 
Grants Committee of the P>oi al Society 
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REVERSAL OF THE ACTION OF ADRENALINE 
By B A McSWINEY and G L BROWN 

( From the Department of Physiology, University of Manchester ) 
Intboduchon 

In a previous paper (i) we have been able to show that adrenaline may 
have either an augmentor or an inhibitory action on excised strips of 
muscle of certain regions of the rabbit’s stomach It had an inhibitory 
action on the pyloric sphincter, antrum and cardiac sphincter, and 
an augmentor action on the lower body and the circular fibres of the 
upper body and fundus On steps taken from the longitudinal fibres 
of the upper body and fundus, it bad m some preparations an augmentor, 
in others an inhibitor action If an augmentor effect was elicited, 
addition of pilocarpine reversed the action of adrenaline, subsequent 
doses of adrenaline causing not a contraction, but a pronounced relaxa- 
tion These results suggest that the condition of “tonus” of the pre- 
parations determined whether adrenaline had an augmentor or an 
inhibitor effect 

Many references are found in the literature to the reversed action 
of adrenaline on smooth muscle Cannon and Ly man ( 2 ) have obtained 
depressor effects with adrenaline, when the blood-pressure was high, 
a phenomenon which Dale and Bichards(S) attributed to capillary 
dilatation Kolm and Pick(4) demonstrated a reversal of the action 
of adrenabne on the heart by giving the drug subsequently to acetyl 
choline, but as the effect was abolished by atropine, they believed it to 
be due to adrenaline acting on the parasympathetic endings Similar 
effects have been obtained on the heart and blood vessels by perfusing 
with fluids of varying pH and salt content Cow(5) has recorded a 
reversal of the action of adrenaline in surviving strips of the gumea-pig’B 
uterus, after the tissue had been “ sensitised ’ by pituitnn 

It appeared desirable to investigate further the reversal of the action 
of adrenaline obtained after pilocarpine and to determine under what 
conditions it may occur The shortening of the muscle fibres obtained 
by tbe addition of pilocarpine would appear to predispose to an inhibitor 
response with adrenaline, but the possibility of a chemical interaction 
between pilocarpine and adrenabne had first to be excluded To show 
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the relationship between the length of the muscle fibre and the action 
of adrenaline, we have first studied the effect of other stimulating drugs, 
choline, histamine, pituitim and barium chloride, on the reaction of the 
tissue to adrenaline 

Method Rabbits, cats and dogs have been used in these experi- 
ments Strips were excised from the stomach and suspended in Tyrode’s 
solution at 38° C , through which a constant stream of oxygen was 
passed The apparatus was similar to that previously described, except 
that the inner chamber was made of glass 1 c c of the drug solution 
was added to 250 c c of Tyrode’s solution m the chamber giving a 
dilution of 1 250,000 a 1 1000 solution of adrenaline (Parke Davis) 
was employed Time intervals on the tracings equal 60 seconds 

Experiments 

1 Reversal by ‘pilocarpine Pdocarpme brings about reversal m the 
longitudinal strips from the fundus and upper body of the rabbit, a 
typical record of this action being shown in Fig 3 In many experiments, 
interesting mixed effects were obtained, the augmentor response being 
preceded by a shght inhibition after pilocarpme the preliminary 
inhibition becomes the predominant feature and is followed by a shght 
augmentor action In some experiments the pdocarpme did not cause 
complete reversal, simplv converting a pure augmentor effect into an 
augmentor response preceded bv a shght inhibition In the other 
preparations of the rabbit’s stomach, i e the lower body and circular 
fibres of the upper body, we were unable to obtain a definite reyersal, 
the contraction produced by adrenaline being superimposed upon that 
caused by the pdocarpme The same persistence of the augmentor 
response was observed by us m the cardia of the cat and dog (6) 

2 Reversal by other drugs (a) Choline Doses of 40 mg of choline 
chloride were used, as preliminary experiments had shown that this 
amount of the drug was approximately equivalent to 1 mg of pdo- 
carpme The effect of cholrne on these preparations resembled closely 
that of pdocarpme In the rabbit’s fnndus and upper body, addition of 
the drug was followed by a marked permanent shortening of the muscle 
fibres, but rhythmic contractions were little changed. In the lower body, 
rhythmic contractions were much augmented and there was shght per- 
manent shortening Choline was found to reverse the response to adrena- 
line m those regions in which pdocarpme had this effect Cholrne, 
however, differed from pilocarpine as the relaxation produced by 
adrenaline seemed to be permanent, the muscle fibres not returning to 
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their former length In many instances a complete reversal was not 
obtained, the pre limin ary inhibition being followed by an augmentor 
effect Reversal was not obtained from strips of the lower body, the 
circular fibres of the body, or the cardia of the cat and dog 

(b) Histamine Doses of 2 mg hista min e (6 mg histamine phosphate) 
dissolved in sabne were employed This drug had an augmentor action 
on all the strips, which resembled the records obtained with adrenaline 
a marked and rapid shortening of the muscle and some increase in 
amplitude of rhythmic movements were recorded The effect passed off 
rapidly, the tissue resuming its previous length in approximately 10-15 
minutes During the augmentor stage, the action of adrenaline was 
reversed, addition of the drug producmg a relaxation The inhibition 
was not always followed by recovery, smce the effect of histamine passes 
off during the inhibition The reversal was only elicited from the longi- 
tudinal fibres of the upper body and fundus of the rabbit’s stomach 



fig 1 Fundqa of rabbit s stomach longitudinal atrip records ehomng reversal 
of response to adrenaline after addition of pituitnn 





ADRENALIN REVERSAL 55 

(c) PituUnn The action, of pituitnn closely resembled that ol 
histamine, hut m contradistinction to histamine, rhythmic contractions 
were usually dimini shed The augmentor eSect passed o 5 gradualli 
and the strips resumed their previous length m some 20 minutes Reversal 
of the adrenaline action was recorded in the longitudinal fibres of the 
upper body aud fundus, but not in the other regions In many experi- 
ments, incomplete reversal was produced, a diminished augmentor effect 
being preceded by a rapid inhibition 

(<f) Bamm chloride This drug caused in the preparations used a 
slow but sustained contraction of the muscle In the majority of our 
experiments, the contraction was veil maintained, the Icier showing 
no tendency to return to the base line Addition of adrenaline which 
previously caused an augmentor effect, produced after the addition of 
banum chloride a well-marked inhibitor response The re% eisal effects 
obtained after the use of either pituitnn or banum clilonde are of 
interest, as these drugs are descnbed as acting directly on the muscle 
fibres 



K" 2 Fundus of rabbity atomacb, longitudinal strip reversal of response 
to adrenaline after addition of banum chlonde 


If as in many esrpenments, tin contraction produced by pituitnn 
and histamine ™ lea, than that obtained mth the Sri do se of 
adrenaline, then the second dose ol adrenaline aeldom caused a deSmte 
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inhibitor response, the record showing at the most a shght preliminary 
inhibition 

(e) Atropine By the use of atropine, further evidence may be 
advanced to show the relation between the length of the muscle fibre 
and the response to adrenaline If the shortening of the muscle fibres 
predisposes to an inhibitor response, lengthening of the muscle by 
atropine might be expected to bring about a return of the augmentor 
response Atropine was added to strips m which reversal had been 
produced by either pilocarpine, histamine or pituitnn, and if the relaxa 
tion recorded was sufficiently great, addition of adrenaline then caused 
an augmentor effect Thus it was possible to obtain in the one strip 
with equal doses of adrenaline, an augmentor action, then an inhibitor 
action, and finally, an augmentor action 



Fig 3 Fundus of rabbit’s stomach, longitudinal strip, reversal of response to adrenaline 
after contraction with pilocarpine, recovery of augmentor effect of adrenaline after 
relaxation with atropine 


We found the augmentor reaction of a stnp to adrenaline to be m 
no way im paired by a dose of atropine sufficient to neutralise tbe action 
of subsequent doses of as much as 4 mg of pilocarpine 

If adrenaline be considered as acting on a motor and inhibitor 
mechanism of the neuro-muscular apparatus, then the reversal effects 
obtained could be accounted for on the assumption that the motor 
mechanism is thrown out of action either by the physical changes 





adrenalin reversal 


accompanying tie shortening of the muscle fibres or by the production 
of some substance m the muscle by the stimulating drugs There is, 
further, the possibility, suggested by Langleyb), that reversal action 
may be due to the displacement of one absorbed substance by another 
The ability, however, of adrenaline to reverse its own action would 
appear to disprove the latter suggestion 



Fig -t. Fundus of rabbit’B stomach, longitudinal strip, inhibitor effect of adrenaline 
when given during contraction produced by previous dose 

Thus adrenaline was added to strips from the longitudinal fibres of 
the fundus, and during the contraction produced, a second dose of the 
drug was given this was followed in many experiments by a typical 
inhibitory response such as is obtained after the use of stimulating 
drugs 

Ergotamine was employed m our later experiments, as this drug, or 
ergotoxme, as shown by Dale(s>, has the property of paralysing the 
motor endings of the sympathetic After a motor response had been 
obtained with adrenaline, 10 mg of ergotamine (Sandoz) were added 
The addition of the drug caused no change m the activity of the prepara- 
tion, hut on addition of adrenaline, a marked inhibitor response was 
recorded which persisted even after a relaxation had been obtained 
with atropine In the regions of the lower body, where rhythmic activity 
was well seen with hut little or no tonus change, adrenaline after ergo- 
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JV 0 Fundus of rabbit a stomach, longitudmal stnp reversal of action of lulrenabnc by 
orgotamine, persistence of inhibitor responso after relaxation with atropmo 



, , reversal of action of adrenaline by ergotamine, 

Fig 6 Lower body of ra l ss , , involving rliythmic contractions only 

augmentor and inhibitor effects of adrenaline involving y 
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tamme produced a marked decrease in the frequeno of contraction, but 
no change in base line 

Fundus of the dog's stomach In our previous experiments on the 
fundus of the dog’s stomach, an inhibitor response was always obtained 
with adrenaline, though Smiths) and KurodaffO) recorded an aug- 
mentor effect "We have recently been able to obtain a similar effect by 
keeping the preparation for some hours at 0° C before suspending it in 
the bath at a temperature of 38° C An inhibitor effect was observed 
with adrenaline when the muscle was tomcally contracted 

Guinea-pig's uterus We have repeated the experiments described 
by Cow on the isolated uterus of the guinea-pig and have obtained an 
augmentor response with adrenaline instead of the usual inhibitor effect, 
by leaving the preparation in Kmger-Loeke solution containing 1 in 5000 
pituitrm for 1-2 hours at room temperature The presence of pituitnn 
is not essential as the same augmentor effect is obtained on leaving the 
tissue m cold Ringer-Locke solution alone The experiments were per- 
formed with strips of the cornu Oxvgen was bubbled into the solution 
as in our previous experiments the temperature of the bath being kept 
constant at 38° C 



1 Irft “ RmgPrI ~ te contain, 
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Reversal of the effects of adrenaline was obtained in these expen 
ments where a preliminary response had been recorded with adrenaline 
The addition of 0 1 c c of pituitnn caused a marked shortening of the 
muscle fibres with some augmentation of rhyt hmi c movement The 
addition of adrenaline now eh cited, in the great majority of experiments, 
a relaxation of the muscle fibres 

The action of histamine m doses of 1 mg closely resembled that of 
pituitrm The effect of adrenaline on the muscle was reversed, a well 
marked inhibitor response being recorded 

Rabbit's uterus Preparations were made of the cornu of the uterus 
of the rabbit, circular and longitudinal strips bemg used Addition of 
adrenaline caused the usual augmentor effect, the tracing showing a 
marked increase of tone and augmentation of movement Pituitrm m 
doses of 0 1 c c produced a marked rise of the lever, the tissue remaining 
m a state of sustained contraction for some 4-5 minutes before rhythmic 
movements returned with gradually increasing amplitude A reversed 
response to adrenaline was never obtained, further addition of the drug 
causing either a contmuation of the tonic contraction or a further 



Fig 8 Babbit’s uterus, non pregnant, reversal of response to adrenaline 
after contraction mth histamine. 





ADRENALIN REVERSAL 


61 


increase in tone Histamine added in doses of 1 mg had a similar action 
to pituitnn, but the reaction to adrenaline was reversed, the drug 
causing inhi bition of rhythmic contractions and m most experiments 
a marked fall in tone 

Ergotamine The addition of ergotamine in doses of 5 mg caused no 
appreciable change m tone or rate of rhythmic contractions m either 
the rabbit or guinea-pig’s uterus, with the subsequent addition of 
adrenaline, a relaxation of the muscle fibres and/or an inhibition of 
rhythmic movements The type of tracing depended on the existing 
condition of tonus 

Oxygen supply We have performed experiments to demonstrate the 
action of adrenaline on the various preparations after the oxygen supply 
to the bath had been cut off The fundus of the rabbit’s stomach relaxed 
on cessation of bubbling and addition of adrenaline invariably caused 
an increase of tone Strips of the comu of the rabbit’s uterus relaxed 
if tone was high and rhythmic movements were usually inhibited if tone 
was low, rhythmic movements only were affected The action of adrena- 
line under these conditions was always augmentor With preparations 
of the gumea-pig’8 uterus, cessation of bubbling caused a nse in tone 
and the muscle fibres became tomcally contracted Adrenaline now 
caused an inhibitor effect, a reversal of the action of the drug, as in 
preliminary treatment of the strip, an augmentor effect was obtained 


\ \, 


• Vi* \su>iumf. 


■■■■ 

F.g 9 Guinea pig’s uterus, pregnant augmentor action of adrenaline reversal of 
adrenaline action after muscle contracted on cessation of oxygen Sl ^ y 
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From these experiments, lack of oxygen m itself would appear to have 
no connection with the response obtained with adrenaline 

Discussion 

A relationship clearly exists between the condition of the tissue and 
the nature of the response elicited by adrenaline, an inhibitor efieot 
being obtained with the contracted or tome muscle, and an augmentor 
response from the long or atonic strip As these effects are obtained after 
the use of diverse drugs, some of which are regarded as actmg on the 
parasympathetic system, others directly on the muscle, it would appear 
probable that the reversal effects recorded are due to changes accom 
panying variations in the condition of the muscle substance 

By the use of ergotamme, the inhibitor response to adrenaline may 
be obtained m the preparations described, which previously gave an 
augmentor response The presence of an inhibitor mechanism demon- 
strated by ergotamme does not necessarily imply that reversal of the 
action of adrenaline can be produced merely by shortening the muscle 
fibres by drugs In certain preparations which normally give a motor 
response to adrenaline, namely, the retractor perns of the dog and the 
cardia of the cat, we have been unable to obtain results similar to those 
described for the fundus of the rabbit’s stomach EdmundsfU) has, 
however, obtained relaxation of the retractor penis after addition of 
ergotamme, and we have recorded similar results with preparations of 
the cat’s cardia It is possible that, under certain conditions, relaxation 
may be obtained with adrenaline after shortening of the muscle fibres 
by other means, just as in experiments on the rabbit’s uterus, an in- 
hibitor effect was only observed after the use of histamine In the region 
of the lower body of the rabbit’s stomach, an inhibitor effect can only 
be obtained after ergotamme 

Accumulation of metabolites or any other results due to cessation of 
oxygen bubbling had no specific effect on the reaction of the tissue to 
adrenaline With tissues which relaxed on stopping the oxygen supply, 
augmentor response was recorded from the relaxed muscle, while on the 
other hand, with preparations that contracted on cessation of oxygen 
bubbling, an inhi bitor response with adrenaline was obtained from the 
contracted strip 

In view of the recent suggestion by Burn and Dale(i2) that the 
relaxation of the capillaries obtained with a second injection of adrena- 
line is due to the production of histamine or some such substance in the 
body, it is interesting to note that we have obtained relaxation of the 
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rabbit’s fundus with a second dose of adrenaline when the muscle 
remained tomcally contracted after the first dose 

The reversal of the normal response of strips of the dog’s stomach 
and the uterus of the guinea-pig on keeping the preparation in cold 
Ringer or Tyrode’s solution is of interest, as Cow only obtained the 
augmentor response of the guinea-pig s uterus with adrenaline after 
“sensitising” the preparation with pituitnn He argued that there is 
normally an interaction of the secretion of the pituitary and suprarenal 
glands m the body during pregnancy 

Our experiments suggest that the mechanism controlling the 
augmentor and inhibitor response to adrenaline may be present m all 
preparations of smooth muscle capable of active contraction and 
relaxation 

SmiMABY 

1 In certain regions of the rabbit’s stomach, adrenaline elicits an 
augmentor response 

2 Strips of the fundus of the dog’s stomach and the guinea-pig's 
uterus are contracted by adrenaline if the preparations are left in cold 
Rmget-Locke solution for 2-3 hours 

3 If the muscle fibres of the rabbit’s fundus are shortened by pilo- 
carpine, choline, histamine, pituitnn or banum chlonde, the rabbit’s 
uterus by histamine, the gumea-pig’s uterus by pituitnn or histamine, 
an inhibitor response is obtained with adrenaline 

4 An inhibitor response may be changed into an augmentor response 
by certain agencies causing a lengthening of the muscle fibres 

5 Ergotamine, which m the doses used does not cause any change 
m the length of the muscle fibres, brings about a reversal of the action 
of adrenaline 

6 The type of response produced by adrenaline is related to the 
condition of tonus of the gastric musculature of the rabbit, an inhibitor 
response being obtained in the tome or contracted muscle, an augmentor 
response in the atonic or relaxed muscle 

The expenses of tins investigation were defrayed by a grant from the Government 
Grants Committee of the Boyal Society, to whom onr beat thanks are due. 
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THE BUFFERING POWER OF THE BLOOD OF MAIA 
SOUINADO Br PHYLLIS M TOOKEY KERRIDGE 1 

(From the Department of Physiology and Biochemistry, 

University College, London ) 

The purpose of this research was to investigate the buffering power of 
the hlood of a marine animal with a view to comparison with that of 
mammalian blood Mata sqmnado was chosen as a suitable subject for 
the experiments, as it could be obtained easily, and m large quantity, at 
the Marine Biological Laboratory at Plymouth, the peld of blood per 
individual is fairly large, and the blood does not coagulate 

Buffer curves have been obtained for both oxidised and reduced 
Mata blood, the reaction being varied by exposing the blood to gas 
mixtures containing varying proportions of carbon dioxide 

Yery little work has been done previously on the subject Qua- 
gliariellocn measured the pH of Maia blood, using a hydrogen electrode, 
and found it to be 7 15 He also found that 5 mg equivalents NaOH 
added to 1 litre of the blood changed its pH to 9 0, and 10 mg equi- 
valents HC1 similarly to 4 0 P arsons and P arsons(2) determined the 
C0 2 content of Maia blood at varying tensions of C0 2 , and calculated 
the pH of the blood from the Henderson-Hasselbalch equation 

Experimental methods The blood was collected from the specimens 
for these experiments by cutting off the legs of the animal, and col- 
lecting the fluid which dripped from the broken ends Large quantities 
of blood were not required, and by this method it was easy to obtain 
a sufficient amount uncontaminated 

In order to eliminate individual variations, the blood from four or 
six animals was mixed before sampling The clear blood was separated 
from the leucocytes and a small amount of sodium fluoride was added 
to prevent formation of fixed acid, and also thymol as a preservative 
The experiments were always made on the same day as that on which 
the blood was collected 

Improvised tonometers were made from 250 c c round-bottomed 
flasks, fitted with corks with one hole, through which a short glass tube 

1 Working for the Medical Research Council. 
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was pushed, the end of which was flush with the mside surface of the 
cork The top of the cork was covered with Everton’s vacuum wax to 
prevent leakage when the flask was evacuated A short length of rubber 
pressure tubing wired on to the glass tube enabled the “tonometer” 
to be attached to the gas-filling apparatus A good screw clip on the 
tubing functioned instead of a tap The flask could be emptied by 
inserting a small glass jet in the open end of the rubber tubmg, in 
verting the flask and unscrewing the clip The outward flow of liquid 
was facilitated by placing one’s hand over the bulb of the flask, and 
so warming slightly the gases mside, which thus expelled the liquid 
The apparatus for filling the flask with gases of known composition 
was essentially a glass tube with five side arms, each fitted with a good 
tap, the flask to be filled bemg joined on to the end of the tube by 
rubber tubmg To one arm was attached a mercury manometer, one arm 
led to a water pump, and the other three to the supphes of hydrogen, 
carbon dioxide, and air respectively The hydrogen was prepared from 
zinc and hydrochloric acid and was purified by passing through wash 
bottles of water, sodium hydrosulphite and caustic soda The carbon 
dioxide was prepared m a Kipp apparatus from marble and hydro 
chloric acid, and was washed by bubbling through two wash bottles 
of water 

It was arranged that the carbon dioxide inlet was nearer the flask 
than either the hydrogen or air supphes, so that when working with 
small tensions of C0 2 , this gas could be washed into the flask by the 
hydrogen or air admitted subsequently Otherwise, the diffusion and 
mixing of the gases in the narrow bore of the filter bemg slow, inaccurate 
results were obtained The mercury manometer was read to | mm Hg 
by means of a magnifying glass 

Two c c of blood were pipetted into each of six flasks, which were 
then m turn evacuated, and refilled with the requisite gas mixture The 
blood was then equilibrated by violent agitation of the flasks m an 
eccentric bottle shaker Three-quarters of an hour was found to be 
sufficient time for equilibration at the lower C0 2 tensions, but at the 
higher tensions, eg 50 mm and over, two or three hours were essential 

The hydrogen ion concentration of the solution was determined by 
the glass electrode method ( 8 , 9 ) The blood was run straight from the 
equilibrating flask into the electrode, the first few drops bemg rejected, 
and the sample was immediately covered with liquid paraffin A portable 
outfit incorporating a Lindemann electrometer was used 

Results A buffer curve of oxidised and reduced Maia blood is shown 
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reaction of maia blood 


in Fig 1, winch is drawn 
of 28 specimens of Main 


from the results of five experiments on a total 
The figures are given in Table I The pH 



determinations and the equilibrations were all done at room temperature, 
in rooms with a north aspect The average temperature during the 
senes of experiments was 13° C , the variation not being greater than 
± 1° C The error m the pH measurements was of the order ± 01 pH 

Discussion 

It is obvious from the results obtained that Mai a has a considerable 
buffering action towards C0 2 This is greater than that of sea water, 

6—2 
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Table I. 

COj tension 


mm Hg jiH 

(a) Oxidised blood 0 0 7 03 

5 76 0 96 

10 0 6 82 

13 0 6 92 

18 0 6 04 

22 6 0 62 

27 0 6 50 

30 6 0 49 

30 0 6 43 

60 0 6 34 

60 0 6 39 

81 2 6 16 

(b) Reduced blood 0 0 7 71 

8 6 7 01 

13 0 6 87 

17 6 6 80 

24 6 6 77 

31 6 6 04 

41 3 6 66 

79 6 0 26 

100 16 6 04 


but not as great as that observed in mammalian blood especially at low 
tensions of CO, Fig 2 gives the change in cH with C0 2 tension, and 


6 15 25 35 45 55 65 76 85 95 105 



eH x 10" 8 


Kg 2 

shows the relation to be approximately a straight line one between 10 
and 70 mm CO, The results of similar experiments, made by Parsons 
on bis own blood, are included m the figure for the sake of comparison 
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Fig 3 shows the variation of buffer power with pH For the purpose 
of this figure, the definition of buffer power (/?) as given by v Slyke(3) 
has been adopted 

D dB (m miliimols) 

P = — -dp H ’ 

where dB represents the amount of alkah or acid m mfihmolecular con- 
centration which must be added to the solution in order to change its 
reaction by a small amount dpH The curves have been obtained by 
taking the tangent to the curves in Fig 1 at intervals of 0 05 pH The 
buffering power rises to a maximum value at pH 6 39 for reduced blood, 
and 6 205 for oxidised 

Smce the blood of Mam is homogeneous, it is probable that a 
Henderson-Hasselbalch equation expresses the equilibrium 

*H=pK' + lo g g>, 

where (salt), (acid) have been taken to represent the total concentration 
of the salts and undissociated acids in the Mam blood which are acting 
as buffers towards the C0 2 in this range of pH, and pK' being the 
negative logarithm of the mean dissociation constants of the aoidc, 
divided by the degree of dissociation of the salts under the existing 
circumstances of dilution This equation follows directly from the Law 
of Mass Action of Guldberg and Waage applied to dilute solutions 

It can be shown (3) that the buffering power is at a maximum when 
pH = pK', which occurs when the concentrations of buffer acids and 
then salts are equal Having found the pH at which maximum buffering 
takes place by experiment, we may deduce 

pK' r = 6 39 
pK' 0 = 6 205 

or K' r = 4 07 x 10" 7 

K' 0 = 6 24 x 10- 7 

where the s uffix es “r” and “o” serve to indicate the reduced and 
oxidised states respectively 

Ass umin g that the buffer salts are practically fully dissociated at 
the dilutions m blood (which is approximately true), we have thus 
figures for the mean dissociation constants of the acids m the blood 
which take part in the buffering These are of the same order as the 
first dissociation constant of carbonic acid itself (3 x 10 7 ) Reduced 
and oxidised hsemocyamn, both being weak acids, play a part in the 
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bnSenng Oxyhfemocyamm being apparently a stronger acid than the 
others present, has increased the mean dissociation constant E . : 

Tan Slvke has also shown that all monovalent acid buffers with 
values of pK' between 4 and 10 which follow the Henderson-Hasselbalch 
equation, have the same maximum molecular buffering power The 
molecular buffering power (j3 n ) is defined as the bufienng power (£) 
divided by the total molecular concentration of buffers (C) 

Thus ?\0 — fin 

and at maximum buffe ri ng. 

j3 n vm, — 0 575 

hence C = jSm3x./0 575 

= 05 T for oxidised Haia blood 
= 04 T for reduced Alaia blood 

Tan Slvke s figure for the total buffer concentration m mammalian 
blood is 0 057 T 

The carbon dioxide which is taken np by blood in the range of pH 
which we have been considering must exist m tbe blood mamlv m the 
form of bicarbonate as the normal carbonate does not exist in appre- 
ciable quantities at this pH A. small amount will he in solution as 
HX0 3 The amount of combined C0 2 can be calculated from the 
CO, tension, the pH and the Henderson-Hasselbalch equation. The 
first dissociation constant of carbonic acid, as determined by Talker 
and Cormackd) is 3 0 / 10~“ thus pK for a bicarbonate equilibrium 
is 6 5, assuming that TaHCQ, is fnllv dissociated at this dilution The 
calculated amounts of bicarbonate in the .Vat a blood are shown in 
Tig 4 together with the measurements of Parsons and ParsonsCj 
The agreement between the two curves is verv good np to SO mm. CO„ 
The greater capacitv of reduced blood for carbon dioxide than of oxidised 
is well brought out in this figure Oxvhffimocvamn being a compaxativelv 
strong acid, can combat with carbon dioxide for the available base The 
decrease in the CO, hound bv both oxidised and reduced bloods at 
tensions of 70 mm. and over is probablv due to some irreversible change 
which takes place m the blood at about pH 6 0 The effect cannot he 
due to insufficient equilibration as increased acidity would exasserate 
the effect It is possible that the high figure of Parsons and Parsons 
at this tension mav have been due to this cause Hogben(S) m the 
course of work on the oxvgen capacity of Vaw blood, also found an 
anomalous result about pH 6 0 The tension of oxvgen necessary for 
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50 p c saturation decreased progressively as the p H decreased until 6 0, 
after winch it increased A discussion of possible theories to account 
for this is given in Hogben’s paper 



Fig 4. 

The difference m the bicarbonate content of reduced and oxidised 
blood at constant pH is approximately 5 mil /litre over the range of 
pH 6 3-6 9 The oxygen capacity of Maia blood, as determined by 
Stedman and Stedman(6) is 1 14 vols p c or 51 mM /litre Thus a 
combination with 5 mil of oxygen has rendered the blood unable to 
take up 5 mil 0 f bicarbonate If the assumption be made that this is 
due to oxyhaemocyanin possessing one or more acid groups which are 
dissociated to a degree comparable with that of the first H ion of car- 
bonic acid, and to reduced haemocyamn bemg kttle dissociated compared 
with the same standard, it follows that the number of dissociable 
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hydrogen ions in a molecule of oxvhaunocyanm is equal to the number 
of copper atoms m a molecule or aggregate Dh6rd and Schneider(T) 
have shown that the absorption of oxygen by haunocyamn is directly 
proportioned to the copper content The S-shaped dissociation curve 
obtained by Stedman and Stedman suggests that the molecule or 
aggregate of htemocyanin contains more than one atom of copper Until 
more work has been done on this pomt it is idle to speculate further 
Finally, although the reactions occurring in blood containing hcemo- 
cyanm have been shown closely to resemble those in bloods containing 
hfemoglobin, yet it is doubtful whether in mo the bicarbonate equili- 
brium plays such a large part in hcemocyanm bloods as m hiemoglobin 
bloods The conditions under which the bicarbonate content, or the 
buffering power, is great occur at tensions of C0 2 , and at concentrations 
of hydrogen ion, which do not occur in the living animal. 

Suidiasy 

1 The hydrogen ion concentration of the blood of Maia squmado, 
oxidised and reduced, and exposed to various tensions of C0» has been 
measured. 

2 The buffering power of the blood, and its bicarbonate content 
under varying C0 2 tensions have been calculated. 

3 It has been shown that oxyhcemocyanm is a stronger acid than 
reduced hsmocyamn. 

In conclusion, I wish to express my sincere thanks to Dr E J 
Allen, FJd S , and the staff of the Marine Biological Laboratory, 
Plymouth, for then kind hospitality and help, and to Prof A. Y Hill, 
F.R S , for helpful criticism of the results obtained. 
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ON THE CELLULAR MECHANISM OF BILE 
SECRETION AND ITS RELATION TO THE 
GOLGI APPARATUS OF THE LIVER CELL 

By W CRAMER and R J LUDFORD 

The secretion of bile by tbe bver cells presents an unusual problem of 
secretory cellular activity In tbe cells of all other secreting glands the 
specific product, or products, of secretion are passed out of the cell m 
one direction only In the pancreas, the salivary glands, and the gastnc 
glands, the specific products of secretion are formed in the cells and passed 
into the ducts of the glands In the kidney substances are removed 
from the blood and secreted into the tubules In the internally secreting 
gland the specific secretions are passed into the blood All these cells 
are thus functionally unipolar But in the liver the cells are functionally 
bipolar They form glycogen from carbohydrates, from proteins, and 
possibly also from fats taken up from the blood and secrete it as glucose 
into the blood stream As one of us(i) has recently pointed out, all the 
known facts compel a return to the old conception of Claude Bernard 
that the glycogenic function represents an internal secretion of the fiver 
cell At the same time the fiver cell takes up the bile pigments (which 
are now held to be formed by the cells of the reticulo-endothefial 
system (2)) and the bde salts from the blood and secretes them into the 
intercellular bile canaficufi Each fiver cell subserves, therefore, an 
internal and an external secretion It is difficult to form a mental 
conception of the cellular mechanism which enables one cell to pass two 
different specific secretions m different directions The following obser- 
vations on the Golgi apparatus of the fiver cell as demonstrated by the 
osmic acid impregnation method throw fight on this problem 

Practically nothing is known concerning the Golgi apparatus m the 
fiver cell, which is the more remarkable as in recent years a great deal 
of study has been devoted to this cytoplasmic structure in glandular 
cells This may be taken as an indication of the difficulty of demon- 
strating it m the fiver cell The difficulty seems to be due mainly to the 
reason that ,the presence of glycogen in the liver cell is a disturbing 
factor For in the process of fixation by a watery fluid the glycogen is 
washed out of the cells and thus probably distorts the morphological 
appearance of the Golgi apparatus That, at any rate, is the most obvious 
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explanation of the irregular and broken appearance of the Golgi apparatus 
in hver cells containing a considerable amount of glycogen In order 
to avoid this difficulty vre have rendered the hver cells free, or almost 
free, from glycogen by various devices such as feeding with thyroid 
gland, injection of j3-tetrahydronaphthylamin, exposure to cold, and 
injection of insulin All these conditions produce a rapid diminution of 
the hepatic glycogen It should be noted, hovrever, that, as one of us(i) 
has shown, the disappearance of glycogen produced by insulin is due to 
an inhibition of the glycogenic function involving an inhibition of the 
formation of glycogen The other conditions mentioned above act in 
exactly the opposite way They stimulate the glycogenic function of 
the hver cells to increased activity so that glycogen is secreted into the 
blood stream in the form of glucose as rapidly as it is being formed It 
is not known at present how the glycogenic function of the hver cell is 
related to its bile secreting function, so that we are not entitled to assume 
that the conclusions concerning the inhibitory action of insulin and the 
stimulating action of thyroid feeding and -tetrahydronaphthylamin 
on the glycogenic function can be transferred to the bile secreting 
function An increased formation and secretion of bile as the result of 
thyioid feeding has been demonstrated quite recently by Speidel(3) 
for tadpoles 

We have examined the livers of normal and pregnant mice, rats and 
guinea-pigs, and also the livers of the same animals following 

(а) Injections of insulin, pituitnn, and ^-tetrahydronaphthylamin , 

(б) Feeding with thyioid and a tryptophane-free diet, 

(c) Exposure to cold , 

(d) Removal, after ligature, of a piece of the common bile duct 

In every case the ammals were killed with coal gas before removing 
small portions of then livers for fixation 

On examining preparations of the liver-cells for the Golgi apparatus 
by the modified Mann-Kopsch method (impregnation with osuuc acid) 
one is at once struck by the great variety m its appearance m different 
cells The form of the Golgi apparatus vanes considerably m any one 
section of the hver, the variations being particularly well marked m 
the livers of pregnant animals Figs 1-3 represent hver cells from a case 
of early pregnancy m the mouse In Fig 1 the Golgi apparatus is in the 
form of a juxta-nuclear network, in Fig 2 the network is drawn out 
around the nucleus, while in Fig 3 there is a small network at one side 
of the nucleus and scattered osmophil fragments which may well have 
arisen from disintegration of such a network as that of Fig 2 
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Particularly striking is the appearance presented by the liver cells 
following the injection of S-tetrahydronaphthylamin Fig 4 shows a 



Figs 1-3 Liver cells from a mouse at an early stage of pregnancy 
OA, Golgi apparatus,/, fat, oc, osmophil canaliouli, n, nucleus, nl, nucleolus 


group of cells from the liver of a guinea-pig following such an injection 
There is no juxta-nuclear network These cells show instead a number 
of branched and coiled osmophil filaments, or canahcuh (oc) in contact 
with the walls of the intercellular bile canahcuh This condition of the 
cells is even better shown following ligature of the bile duct Fig 6 
shows a part of the liver of a mouse, the bile duct of which had been tied 
1 hour previous to fixin g the liver The appearance is similar to that 
shown in Fig 4, except that the osmophil filaments (oc) are more dis- 
tended and are clearly seen to be canalicular m structure Fig 5 shows 
a single cell from the same liver, after staining the mitochondria with acid 
fuchsin 

Following the injection of insulin many cells show the Golgi apparatus 
in the form of a compact juxta-nuclear network, but by far the greater 
n um ber of cells contain scattered osmophil canahcuh Figs 7, 8 and 9 
are cells from the liver of the mouse after the injection of insulin Fig 7 



bile secretion. 


sbow5 a binucleate cell with a reticulate Golgi apparatus (GA)*t one side 
of the nucleus and a number of osmopbil canahculi scattered throughout 





Fig 4. Liver cells of guinea pig prenouslv injected with p tetrahydronaphthylaimii. 

Figs 5, C Cells from liver of mouse, the bile duct of vrhich bad been bed 1 hour previous 
to fixing the tissue Fig 5 with mitochondria stained with acid fuchsia, 
oe, osmopbil canahculi be intercellular bile cspillanea, m, mitochondria. 


the cytoplasm Such a condition is relatively rare, it being usual to find 
either a typical network or else scattered filaments Pigs 8 and 9 are 
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more characteristic It will be observed that in Fig 9 one of the canahcuh 
which is connected with the intercellular bile capillary (be) can be seen 




Figs. 7-9 Colls from liver of mouse which had received mjeobons of insulin. 
be, intercellular bile capillaries, e, red blood corpusoles m, mitochondria, oc, osmophll 
canahcuh, os, osmophll substance forming the wall of the intracellular canahcuh 

to consist of a colourless interior surrounded by an osmophll sub- 
stance (os) 

There are thus two extreme conditions of the Golgi apparatus in 
the liver cells One is represented by the small juxta-nuclear network 
(Fig 10) corresponding to the appearance of the resting Golgi apparatus 
m other gland cells The other extreme is seen m Figs 4, 6 and 14, 
where osmophll canahcuh are seen lying at the periphery of the cell 
and ma kin g contact with the intercellular bile capillaries The osmophd 
canahcuh in this latter condition resemble m appearance and arrange- 
ment so closely the intracellular bile canahcuh as figured by Kupffer 
and reproduced in Schafer’s Essentials of Histology that one cannot 
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but consider them as identical structures Between these two extreme 
conditions which we have ]ust described, various intermediate forms of 



Pigs. 10-15 General scheme shoeing the relation of the Golgi apparatus to bile secretion. 
Fig 10 From rat fed on tryptophane free diet 
Figs 11-14. From rats fed with thyroid gland. 

Fig 15 From rat injected with pitwtnn. 

GA Golgi apparatus, oc, osmophil canaliculi. 

the Golgi apparatus caa he seeu in different preparations In some cells 
the Golgi apparatus is greatly enlarged and has moved away from the 
nucleus In another preparation the Golgi apparatus appears in a frag- 
mented form as numerous isolated threads scattered through the cyto- 
plasm. but uot touching the periphery 

Recent investigations on the cytology of secretion have shown that 
m many externally secreting gland cells the specific secretion first appears 
as droplets within the osmophil material which constitutes the reticulum 
of the Golgi apparatus This appears m the resting stage as a compact 
network applied to the surface of the nucleus, enlarges and spreads out 
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m tlie cytoplasm at the onset of functional activity, and finally it breaks 
up into fragments which are scattered through the cytoplasm and 
becomes reconstructed agam later m the form of a compact network 
characteristic of the resting stage (4, 5, 6) 

All these various phases of the Golgi apparatus can be seen in the 
liver cell and are illustrated by our drawings As a pictographic summary 
of our observations drawings from different preparations have been 
arranged m Figs 10-15 so as to present the complete cycle as we conceive 
it to occur 

Conclusion 

Our observations lead us to the conception that m the liver cells the 
bile constituents appear as a secretion within the Golgi apparatus, which 
m the process of bile secretion first enlarges and then fragments The 
fragments are dispersed through the cytoplasm and reach the periphery 
where they pass their contents into the intercellular bile capillaries 
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THE SENSITISING ACTION OF ALKALIES 
By A HEMINGWAY 

(From the Department of Physiology , King’s College , London ) 

That the tone and activity of tissues containing plain muscle, Buch as 
bloodvessels, intestine, uterus, etc , is largely dependent upon the acidity 
or the alkalinity of the fluids with which they are bathed has long been 
known Amongst earlier papers those of Schwarz and LembergerCU 
and Hooker(2), working on blood vessels, showed the dilating power 
of acids Lately, Evans and U n d e r hi 1 1 (3 ) have investigated in detail 
the changes in tone of plain muscle when subjected to fluids of various 
concentrations of hydrogen-ions They showed that, within normal 
limits, increase of hydrogen-ion concentration caused relaxation of 
muscle, whilst a decrease had the opposite effect, increasing the tone 
and causing a quickening of the rhythmic movements 

In addition to these changes in tone and activity there is considerable 
evidence that certain drugs are more effective when used m an alkaline 
medium, and the present investigation has had its starting-point in this 
observation and more particularly in the work of McDowall(4) upon 
the relationship between the action of alkalies and pituitary extract 
upon pulmonary vessels It is now shown that continuous exposure of 
the tissue to changes towards the alkaline side is not necessary for the 
exhibition of this action, but that sudden and repeated excursions towards 
shght alkalinity, with a return to normal following the change, are even 
mote effective in bringing about the exaggerated response 

Method 

Three preparations have been studied, mammalian blood vessels, 
small intestine and uterus In the first, the hind limbs of the cat have 
been perfused and changes m the peripheral resistance observed This 
has been measured by using a scheme based upon that of Schafer (5) 
Fluid is fed from a Manotte bottle (A) maintained at a suitable height 
After passing through a heating coil (B), it is fed to a five-way tube (C) 
furnished with an air-trap, thermometer, connection to a side tube (D) 
and to the perfusion cannula This cannula is inserted into the abdominal 
ph Lxn. 
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aorta, and the resistance is measured in the side tube, and recorded by 
connecting to a piston recorder or a water manometer All branches of 



the aorta to the intestine and pelvic viscera are ligatured and a return 
cannula inserted into the inferior vena cava 

Any substances to be introduced into the perfusion stream were made 
up to be contained in 0 5-1 0 c c of solution The needle of the syringe 
containing the fluid was pushed through the rubber tube leading to the 
aortic cannula and the addition made as rapidly as possible This 
modification, suggested by Prof McDowall, ensures that an accurate 
record of the point of injection is taken since a small increase of pressure 
is caused moment arily m the manometer In addition, there is no 
question as to the varying dilutions of successive injections which a 
slower rate of injection might introduce Control injections of Ringer s 
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fluid show that no other effects are induced In all the tracings shown, 
therefore, there is a small curve indicating the exact point of injection 
and this is then followed hy a curve due to the reaction of the vessels, 
if any 

The perfusing fluid consisted of Ringer's solution (NaCl 0 9 p c , 
KC1 042 p c , CaCU 024 p c ), no buffer substances were added, and the 
solution was adjusted to pH 7 4 by the addition of N/100 NaOH until 
it was slightly alkaline and finally brought back to the required con- 
centration by blowing m C0 2 

The animals were killed by bleeding after preliminary anresthetisation 
with chloroform and ether, and the procedure was then to commence 
the perfusion as speedily as possible (m some cases this being done whilst 
the circulation was still undisturbed and afterwards tying off the aorta 
and vena cava), but the rapidity with which the operation is performed 
does not appear to affect the results obtained The perfusion pressure 
was then adjusted to the desired level and, a steady flow being estab- 
lished, injections of alkali were made into the stream of the perfusing 
fluid Usually about 0 5-1 0 c c of fluid was added, the solutions used 
being iV/100 NaOH, 5 pc NaHC0 3 (pH 8 5), and buffered phosphate 
solutions of pH 9 

Observations 

The invariable response of the vessels to a change m hydrogen-ion 
concentration thus induced was a slight constriction, showing itself 
as an increase in the peripheral resistance, although sometimes this was 
almost imperceptible at the commencement If, now, the injections were 
continued at, say, intervals of 2 minutes, the reaction of the vessels 
became gradually more pronounced until finally, after perhaps some 12 



Fig _ Perfusion ot hind limba of cat. Gradual increase of response to addition of allnl. 
The preliminary rise m each curve is due to the injection and this is followed by the 
rise due to vaso constriction. J 


injections, it remained fairly constant The course of such au experiment 
is shown in Fig 2 r 

An attempt was made to determine what changes in alkalinity were 

6—2 
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occurring during tlie reaction and in this particular experiment the 
perfusing fluid was at pH 7 4 The addition of 1 c c N/100 NaOH raised 
the pH of the fluid issuing from the inferior vena cava to 7 5 within 
30 seconds and 1 minute after the injection this had returned to normal 
again So that the vessels were subjected to their original solution before 
the next addition of alkali was made 

Parallel to this increased sensitivity to alkali there r uns an exaggerated 
response to adrenalin and also to pituitary extract An early effect of 
the drug, before sensitisation has commenced, is taken as standard and 




Fig 3 Sensitisation to adrenalin The upper tracing shows the commencement of tho 
perfusion with alight increase m response to the second addition of alkali. The lower 
tra cing gives the reaction to the fourteenth injection of NaOH and the exaggerated 
response to adrenalin. Perfusion pressure in cm HjO 

then, later, a second response is always much increased A typical result 
is shown m Fig 3 

In the preliminary experiments either sodium hydrate or sodium 
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bicarbonate was used as the alkaline solution, and it was thought that 
the Isa-ion might perhaps play some part in bringing about the results 
To test this possibility bufiered solutions of sodium phosphates and 
potassium phosphates were prepared of the same alkalinity, and, as 
expected, could be interchanged without altering the degree of response 
The changes, therefore, are brought about by differences in hydrogen-ion 
concentration 

This confirms the result of Schmidt(6), who pointed out the im- 
portance of hydroxyl-ions in determining the response of vessels to 
adrenalin 

If the increased excitability is associated with the decrease in the 
hydrogen-ion concentration, then additions of acids to the perfusing 
fluid should bnng about a desensitisation To verify this idea a prepara- 
tion was first rendered sensitive m the usual way and then this was 
shown to be reduced by repeated injections of HC1, for after three or 
four injections of acid and the reaction of the returning perfusing fluid 
having returned to the original state, the constriction due to the alkali 
was considerably reduced, but could be increased agam by further alkali, 
the reaction being reversible (see Fig 4) 



Fig 4. Showing resensitisation after disappearance of the effect with injections of acid. 


The uterus and the small intestine of the cat were found to give similar 
results, m addition to observations made upon the pulmonary vessels 
The changes m alkalinity m the case of the former tissues were brought 
about by rapidly fil l in g the vessel containing them with a solubon of 
sodium bicarbonate pH 8 5 or adding 1 c c alkali to the solubon, 
immediately emptying and washing two or three times with Emger’s 
solution "With the uterus the response to hista min e and pituitary extract 
was determined before and after treatment with alkali, and for the in- 
testine, pilocarpine was used as the stimulating agent ia both cases 
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an increased response was elicited after washing with alkali, although 
the time of exposure to the changed solution was not more than 20 
seconds (see Fig 5) The response showed a slight increase with each 



Fig 5 Increasing contractions of the uterus to a constant amount of histamine added to 
100 o c. of Ringer’s solution. After each addition, tho tissue was bathed in NaHCOj 
solution pH 8 5 and then washed 


washing for three or four times and then became constant, or changes 
m the general tone of the preparation made further accurate comparison 
impossible 

In conclusion, it may he said that the response of plain muscle to 
Changes m pH is not due to a difference m concentration of ions inside 
and outside the cell, but is more likely due to changes occurring in the 
cells themselves, whether the membrane or the interior It is suggested 
by McSwmey(7) that the varying tone of plain muscle is due to a 
changing distribution of the concentration of water in the phases of its 
colloidal systems If this be so, then there is no reason why this change 
should not be induced by rapid changes such as are described and, with 
each variation m equilibrium, a condition of greater susceptibility to 
stimulation is left behind, thus accounting for the sensitising action 
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Sctmakv 

1 There is an increasing reaction of mammalian blood vessels to 
successive changes m hydrogen-ion concentration tomards the alhalme 
side 

2 An exaggerated response to adrenaline accompanies the Reaction 
to alkalies 

3 The plain muscle of the uterus and the small intestine gives similar 
results 

I -wish to express my thanks to Prof E J S AIcDovr all for much 
land assistance and advice I have received during this investigation 

The expenses o£ this work "were defrayed in part by a grant from the Government 
Grants Committee of the Royal Society, and I am also indebted to Parie, Davi3 and Co 
for supplies of adrenalin. 
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THE DIFFERENTIAL PARALYSIS OF CARDIAC 
NERVE ENDINGS AND MUSCLE 

By W R WITANOWSKI (Fellow of the Rockefeller Foundation) 
(From the Pharmacological Department, University College, London ) 


0 Loewi(I) lias shown that the inhibitory action of the vagus on the 
heart is associated with the liberation of a cardiac depressor substance, 
which has a pharmacological action on the heart similar to that of 
choline Loewi and Navratil(2) also have shown that in the atropm- 
ised heart this inhibitor substance is still liberated when the vagus is 
stimulated, although the atropine prevents any apparent action upon the 
heart The site of action of atropine therefore is the heart muscle and 
not the vagal nerve endings Navratil(3) found that camphor had a 
double action m that it diminished the liberation of depressor substance 
from the vagal nerve endings, and also diminished the action of such 
substances upon the heart muscle Loewi(i) has also Bhown that stimu 
lation of the sympathetic nerves is associated with the liberation °f 
augmentor substance which resembles adrenaline m its action ® 
experiments described below were undertaken to try and find means o 
paralysing the vagus and sympathetic nerve endings m the ea 
without diminis hing the response of the heart to cholme compounds or 


to adrenaline , , , 

Method The experiments were performed on the isolated tear - 

vagus preparation of Rana temporana A Straub cannula holding about 
1 c c was used The Rmger’s fluid had the following percentage com- 
position NaCl 0 65, Ka 0 02, CaC^ 0 02, NaHC0 3 0 02 (pH - 8 ) 

In order to eliminate effects due to changes m frequency the ventricle 
in most experiments was driven at about 35 per minute by break in- 
duction shocks The vagus was stimulated by induction shocks at a 
rate of 10 to 20 per second The weakest effective stimulus was always 


The Effect on the Vagus of Reduced Sodium Concentration To study 
the effects of reduction in sodium chloride concentration a person 
fluid was used containing NaCl 0 325 p c , cane sugar 3 4 p c • " g™”® 
1 7 p c , together with the other constituents of Ringer m normal con 
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centration. This fond is referred to as “half sodium Ringer” Acetyl 
cholme was employed as a convenient vago-mimetic drug 

Rig 1 shows the effect of changing from normal Ringer to half 



Fig 1 Effect of -reduction of sodium chlonde content of Rmger a fltud on the response 
of the heart to vagal stimulation and to acetyl choline Artificial rhythm, 34 per mm 
The tracings show from above downwards. (1) Contraction of the heart. (2) Signal 
for vagal stimulation. (3) Time 5 secs. The arrows mark the introduction of acetvl 
choline 10~* molar L Normal Ringer (NaCl 0 65 p c.) IL Rmger containing NaCl 
0 325 p-c. and glucose 1 7 p c. 


sodium Ringer upon the response of the heart to vagal stimulation and 
to acetyl choline With normal Rmger it was found that addition of 
10 -3 molar acetvl cholme produced the same reduction in amplitude of 
contraction as stimulation of the vagus with a weak current of known 
intensity and frequency The figure shows that the immediate effect of 
changing to half sodium Ringer was to reduce very greatly the response 
to vagal stimulation (the current strength used being unchanged), while 
the response to acetyl cholme was unaltered. Prolonged perfusion with 
half sodium Rmger gradually reduced the response to acetyl choline as 
well as the response to vagal stimulation When the perfusion fluid was 
changed hack to normal Ringer the activity both of the vagus and of 
acetyl cholme were completely and rapidly restored. 

This experiment was repeated fourteen times and on ten occasions 
results similar to those shown in Pig 1 were obtained, but on four 
occasions the two actions were affected equally 

Redaction m sodium chloride concentration reduces therefore both 
the activity of the vagus and the intensity of action of acetyl cholme, 
hut since it affects the former much more rapidly than the latter the 
two actions are partly separable 


90 


W R WITANOWSKI 


The effect on the sympathetic of reduced sodium concentration The 
fact that reduction m sodium concentration reduces the effect of vagus 
stimulation more than the effect of acetyl choline might possibly be 
due to the change m sodium concentration making the sympathetic 
fibres more easily excitable 

The effect produced on the sympathetic by reduction in sodium 
concentration therefore was tested. The hearts were atropmised and 
the vago-sympathetic trunk stimulated. The heart was allowed to beat 
with its normal rhythm but otherwise the experimental conditions were 
unaltered Fig 2 shows a typical result In thiB case stimulation of 
the vago-sympathetic trunk produced a 20 p c acceleration while ad- 
renaline 10~ 6 molar produced a s imil ar effect The following percentage 
accelerations were observed with varying molar concentrations of ad- 
renaline 10 -4 molar — 62, 10 -6 molar — 27, 10 -6 molar — ml 

Fig 2 shows that introduction of half sodium Ringer practically 



Fig 2 Effeot of redaction of sodium chloride content of Ringer’s flrnd on the response 
of atropmised heart to sympathetic stimulation and to adrenaline Tracings as in 
Fig L Natural rhythm Arrows mark the introduction of adrenaline 10"‘ mo nr 
I and II normal Ringer, HL Ringer containing NaCl 0-325 p a and cone sugar 3 4 p c. 
rv Normal Ringer The acceleration in frequency produoed was as follows 

Sympathetic Adrenaline 

stimulation 10~* molar 


I and II 

m 

IV 


27 

3 

17 


20 

34 

33 


abolished the response to vago-sympathetic stimulation but did not 
affect the response to adrenaline A return to normal Kmger completely 
restored the response to vago-sympathetic stimulation A reduction in 
sodium chloride concentration therefore depresses the activity of the 
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sympathetic nerve endings m the same manner as it depresses the vagal 
endings 

The action of ether Ruttgers(4) fonnd that vagal stimulation pro- 
duced no effect on the heart m the presence of 0 25 p c ether I tested 
the effect of ether on the response of the heart to vagal stimulation and 
to acetyl choline The experimental method was the same as that 
previously described except that the volatility of ether necessitated 
frequent changes of the fluid m the Straub cannula 

The effect of 0 25 pc ether by volume is shown in Fig 3 This 
concentration of ether produced no measurable reduction in the ampli- 
tude of contraction of the heart The heart in Fig 3 had been perfused 
for 24 hours and was in a hypodymamic condition and the amplitude 
actually increased after the addition of ether This did not happen with 
the fresh heart but even in this case no certain and permanent reduction 
m the force of contraction occurred with 0 25 p c ether 

In Fig 3 acetyl choline 2 53 x 10 -8 molar produced the same de- 
pression as vagal stimulation m normal Ringer, but the addition of 



Kg 3 The influence of ethyl ether on the response of the heart to vagal stimulation and 
to acetyl choline Tracings as m Fig 1 Artificial rhythm, 29 per mm. The arrows 
mart the introduction of acetyl choline 2 5 x 10“* molar L Xonnal Kmger 
IL Ethyl ether 0 034 molar introduced just previously ITT. 5 mins later TV 10 
mins, after IIL Ether present m XX, T1 \ and IV 

0 25 p c ether at once abolished the effect of vagal stimulation whereas 
the action of acetyl choline was at first unaffected but it also was 
abolished after about ten minutes’ exposure to etber 

The action of ether therefore resembles that of reduction m sodium 
chloride in that m both cases the vagus is paralysed rapidly but the 
action of acetyl choline is reduced much more slowly A similar effect 
was produced by 1 p c ether, I found however that, as Ruttgers( 4 ) 
stated, ethyl and methyl alcohol in moderate concentrations did not 
paralyse the vagus 

Discussion These experiments show that it is possible to produce 
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The effect on the sympathetic of reduced sodium concentration The 
fact that reduction in sodium concentration reduces the effect of vagus 
stimulation more than the effect of acetyl choline might possibly be 
due to the change m sodium concentration making the sympathetic 
fibres more easdy excitable 

The effect produced on the sympathetic by reduction in sodium 
concentration therefore was tested. The hearts were atropmised and 
the vago-sympathetic trunk stimulated The heart was allowed to beat 
with its normal rhythm but otherwise the experimental conditions were 
unaltered Fig 2 shows a typical result In this case stimulation of 
the vago-sympathetic trunk produced a 20 p c acceleration while ad- 
renaline 10 -6 molar produced a similar effect The following percentage 
accelerations were observed with varying molar concentrations of ad 
renahne 10 -4 molar — 62 , 10 - ® molar — 27 , 10~® molar — ml 

Fig 2 shows that introduction of half sodium Ringer practically 



Fig 2 Effect of reduction of sodium chloride content of Ringer’s fluid on the response 
of atropmised heart to sympathetic stimulation and to adrenaline Traomgs as in 
Fig 1 Natural rhythm. Arrows mark the introduction of adrenalmo HU* molar 
I and n normal Ringer, HI Ringer containing NaCl 0-326 p a and cane sugar 3 4 p c. 
IV Normal Ringer The acceleration in frequently produced was as follows. 
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abolished the response to vago-sympathetic stimulation but did not 
affect the response to adrenaline A return to normal Ringer complete y 
restored the response to vago-sympathetic stimulation A reduction in 
sodium chloride concentration therefore depresses the activity of t e 
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sympathetic nerve endings in the same manner as it depresses the vagal 
endmgs 

The action of ether Ruttgers(4) found that vagal stimulation pro- 
duced no effect on the heart in the presence of 0 25 p c ether I tested 
the effect of ether on the response of the heart to vagal stimulation and 
to acetyl choline The experimental method was the same as that 
previously described except that the volatility of ether necessitated 
frequent changes of the fluid in the Straub cannula 

The effect of 0 25 p c ether by volume is shown in Fig 3 This 
concentration of ether produced no measurable reduction in the ampli- 
tude of contraction of the heart The heart in Fig 3 had been perfused 
for 24 hours and was in a hypodynamic condition and the amplitude 
actually increased after the addition of ether This did not happen with 
the fresh heart but even in this case no certain and permanent reduction 
in the force of contraction occurred with 0 25 p c ether 

In Fig 3 acetyl choline 2 53 x 10-® molar produced the same de- 
pression as vagal stimulation in normal Ringer, but the addition of 



Rg 3 The influence of ethyl ether on the response of the heart to vagal stimulation and 
to acetyl choline Tracings as in Fig 1 Artificial rhvthm, 29 per mm. The arrow s 
mart the introduction of acetyl choline 2 5 x KM molar L Formal Finger 
H Ethyl ether 0-034 molar introduced just previously HL S mins later 2T 10 
mins after HL Ether present m H, IH and TV 

0 25 p c ether at once abolished the effect of vagal stimulation whereas 
the action of acetyl choline was at first unaffected bnt it also was 
abolished after about ten minutes’ exposure to ether 

The action of ether therefore resembles that of reduction in sodium 
chloride in that in both cases the vagus is paralysed rapidly but the 
action of acetyl choline is reduced much more slowly A similar effect 
was produced by 1 p c ether, I found however that, as Rnttgers( 4 > 
stated, ethyl and methyl alcohol m moderate concentrations did not 
paralyse the vagus 

Discussion These experiments show that it 


is possible to produce 
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a condition in the heart in which the vagus and sympathetic nerves are 
paralysed although the response to acetyl choline and adrenaline are 
unaffected In the experiments described the condition was a transitory 
one for the response to the drugs mentioned was slowly diminished 
I was not able to find a drug which would paralyse the vagus or sympa- 
thetic and would leave the response to acetyl oholrne and adrenaline 
permanently unaffected 

The results are m accordance with Loewi’s view that the action of 
the vagus or sympathetic on the heart consists of two separable stages, 
namely, (1) the liberation of some active substance by the nerve endings, 
and (2) the action of these substances upon the muscle cells 

Conclusions 

(1) Either a reduction of the sodium chloride content of Rmger’s 
fluid to one half, or the presence of 0 25 p o ether, paralyses the vagi 
more rapidly than it abolishes the effects produced by acetyl choline 

(2) A reduction of the sodium chloride content of Ringer's fluid to 
one half paralyses the sympathetic more rapidly than it affects the 
response of the heart to adrenaline 
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THE RECOVERY HEAT PRODUCTION IN TORTOISE’S 
MUSCLE By W HARTREE 1 aud G LILJESTRAND 


{From the Physiological Laboratory, Cambridge , 
and University College, London ) 

Since the recovery heat production, already determined m the case of 
the frog by Hartree and Hillfl), is of fundamental importance in any 
theory of musoular contraction, it was evidently desirable to find if 
there was any difference m this respect between the quickly responding 
frog’s muscle and the much more slowly responding one of the tortoise 
For this purpose two separate senes of experiments have been per- 
formed, in each of which the recovery heat in the biceps crons of a 
tortoise kept in oxygen was determined, a slowly acting thermopile 
bemg used in either case in order to ensure that the maximum deflection 
of the galvanometer was correctly proportional to the total initial heat, 
even for a long stimulus of 2 seconds or more The actual deflections were 
read on a scale, photographic recording bemg unnecessary owing to the 
slow movement of the galvanometer In general the method employed 
by Hartree and Hill(i) was followed 

Two principal points were investigated firstly, the total amount of 
the recovery heat as compared with the initial heat, and secondly, the 
rate at which the recovery process takes place under different circum- 
stances 

The first senes of experiments (earned out by G L ) was principally 
concerned with the first point, and for this purpose it was necessary only 
to measure the whole area of the curve between galvanometer-deflection 
and time consequent on a stimulus, and to compare this with the whole 
area of the control curve (the dead muscle bemg heated electrically for 
a short time) For the same maximum the area of the control curve 
represents the initial heat on the same scale as the area of the bve curve 
represents the total heat, t e initial pins recovery heat In this senes 
of experiments the temperature was from 16° to 18° C and since it was 
found that a short stimulus gave nse only to a very small initial heat 
the time of stimulus was always about 2 seconds Even then the galvano- 
meter had to be made ratber sensitive (about 30 mm. per microvolt at 

1 Working for the Medical Research Council. 
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1 metre distance) so as to obtain suitable deflections The results for the 
ratio of total heat to initial heat m 22 observations on eight different 
animals were 1 8, 1 8, 1 8, 1 9, 2 0, 2 0, 2 1, 2 1, 2 1, 2 1, 2 2, 2 3, 2 3, 

2 3, 2 3, 2 4, 2 4, 2 5, 2 5, 2 6, 2 7, 2 7, with an average of 2 2, giving the 
recovery heat 1 2 times the initial heat In consequence, however, of 
a small deflection persisting after 10 minutes it must be admitted that 
the results should probably be rather greater 

In this a on cis a few observations were made on the delayed heat when the muscle was 
m nitrogen after previous soaking for at least 30 minutes in Ringer’s solution whioh hfld 
been boiled to render it free from oxygen Four determinations gave the delayed heat 
as 0 2&-0 30 of the initial heat, as found by Hartree and Hill for frog’s muscle (2) An 
analysis, however, of the gas in the muscle chamber showed that there was 1 or 2 p c. of 
oxygen still present, so that no doubt the actual delayed heat in pure nitrogen would bo 
somewhat less than the above figure 

The second senes of experiments (earned out by W H ) extended 
over several months, a large number of observations being required m 
order to obtain a good average, m view of the vanabihty of the in- 
dividual specimens examined (see (3) and (4)) In this senes many analyses 
of curves of galvanometer deflection by means of the corresponding 
control curves have been made so as to determine the rate of heat pro 
duction throughout the recovery process, the total recovery heat also 
was found m every case 

In this senes the temperature waB from 18° to 20° C , the average 
for all expenments being very nearly 19° C The tunes of stimulus 
employed were 2 0, 1 0 and 0 5 sec , but for the last of these it was found 
that the rate of recovery was so small and so prolonged that it was 
impossible to make a good estimate of the total Of this only about two- 
thirds had taken place up to 10 minutes after the stimulus for the other 
times of stimulus the average values of the ratio of recovery to initial 
heat are 1 45 for 1 second and 1 75 for 2 seconds, for about 12 reliable 
expenments m each case It should, however, be remarked that the value 
of this ratio in March and August seems to be consistently greater than 
m April and May, and that more expenments with 2 seconds’ stimulus 
were performed m the former months than with 1 second s stimulus 
This also may explain the still lower value (obtained by G L ) m the 
first senes of expenments which were performed in May and June Thus, 
on the whole, the average value of this ratio is evidently very nearly 1 5, 
as in the case of frog’s muscle This is very satisfactory, as showing the 
inherent similanty of the recovery process m the two cases 

As regards the course of the recovery process, Fig 1 shows the 
relative rate of heat production (t e expressed throughout as a fraction 
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of the total initial heat) for 10 minutes after the stimulus, m the same 
manner as in the case of frog’s muscle by Hartree and Hill (P), p 370) 



Fig 1 Curves showing the relative rate of recoverv heat production for three different 
times of stimulus 0 5 10 and 2 0 seconds Tortoise muscle in oxygen at 19 3 C The 
heat unit for each curve is the corresponding initial heat as entered in the small table 
in the figure The curves for 2 0 and 1 0 seconds are the mean of fonr or five verv similar 
carves from different experiments. That for 0 5 second is less reliable since onlv a few 
ob'ervations were made with this tune of stimulus A few observations with stimulus 
0 1 sec. showed an even lower curve, but a case with a much longer time of stimulus 
(4 seconds) did not appear to give a curve rising much above that for 2 seconds 

The curves are of the same general nature, those for the longer stimuli 
rising higher and having earlier mamma and falling more rapidly than 
those for shorter stimuli In the present case the maximum relative rate 
of heat production is closely proportional to the initial heat per gram 
of muscle, or, expressed in another way, the maximum actual rate of 
recovery heat production m calones per gram per second is closely 
proportional to the square of the absolute initial heat per gram 
Expressed in a formula 

(maximum recovery rate) = 0 32 (initial heat) 2 

The corresponding factor for the case of frog’s muscle at 20° C is 
about 0 48 

Thus, for the same absolute amount of recovery, the curves for a 
tortoise and a frog are not far different, those for a tortoise bemg rather 
lower with a later maximum and falling slightly more slowly than in 
the case of a frog at the same temperature They might he identical with 
those for a frog at a slightly lower temperature The very great difference 
between the two cases is that it requires about 15 times as long a stimulus 
m the tortoise’s muscle as it does m the frog’s to produce the same 
initial heat per gram. In spite, therefore, of the great difference in 
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speed of the initial process between the muscles of tortoise and frog, 
the recovery processes are m type exactly similar and occur for a given 
initial heat at almost the same rate no stronger testimony could be 
desired as to the essential biochemical similarity of the recovery pro- 
cesses m the two cases 

The curves of Fig 1 are not continued back to the origin the reason 
for this is that the initial process m tortoise’s muscle is relatively so slow 
that the difference between the curve of galvanometer deflection after 
a stimulus and the control curve (which is what is analysed to give the 
recovery heat) is not rehable for the first 20 seconds or so In the maj onty 
of cases, however, the rate of recovery increased from an initial low value 
occurring soon after the stimulus In several experiments this was not 
the case, especially for the first one or two stimuli, although the curves 
of Fig 1 were generally approached with later stimuli This occasional 
initial abnormality was sometimes so large that it could not have been 
due to experimental error, and m such cases it should be mentioned 
that it is impossible to determine the total recovery heat since the first 
part of it becomes mvolved with the initial heat A few examples are 
shown in Fig 2 



Fig 2 Curves showing abnormal type of recovery heat production soon after the etto J 
Tortoise s muscle in oxygen at 19= C A. B and (7 are tie first records taken mthew 
respective experiments (after one or two preliminary stimuli) with 1 8ec ° nd st “ lU . 
D was for a 2 second stimulus, and this type of curve persisted throughout 

experiment. 

A Total delayed heat 0 5 times initial heat, for this, the first record 
For the second record 0 75, etc Later records taken after an mterva 
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of 1 hour were quite normal, as in Pig 1, the recovery heat certainly 
starting off from a low value 

B Starts at a very high rate, apparently several times the normal 
maximum rate of recovery heat production 

C and D It seems impossible to avoid the conclusion that these anse 
from the combination of a curve of type A with one of the normal type 
shown in Pig 1, but it should be remarked that the total area in these 
cases is not excessive smce the subsequent ma x imum when it occurs is 
lower than the normal (compare Fig 1) 

Thus, heat production occurring early after the stimulus seems to be 
at the expense of subsequent recovery heat and all the curves B, C, D 
are of normal area approximating 1 a, although no sign of the normal 
recovery curve can be detected in B 

In a few cases the slight fall soon after the start, as in curve D, 
was maintained throughout all the records of one experiment For this 
reason also it was necessary to do a large number of experiments so that 
the normal rate could be well determined We are unable to explain the 
abnormalities which must be left for subsequent investigation 


Summary 

1 The initial processes m tortoise’s muscle occur much more slowly 
than in frog’s muscle It was of interest, therefore, to compare the 
recovery heat production m the two cases 

2 The recovery heat averages about 1 5 times the initial heat, 
exactly as m the case of frog’s muscle 

3 For a given duration of stimulus the recovery heat production 
m tortoise’s muscle occurs much more slowly than in frog’s muscle This, 
however, is due almost entirely to the fact that the initial heat for a 
given duration of stimulus is much less m tortoise than m frog For a 
given initial heat production the rate of recovery heat is nearly as great 
for tortoise as for frog 

4 The tune course of the recovery heat is entirely similar in the two 
cases, the maximum rate of recovery being proportional to the square 
of the total initial heat, suggesting some kind of bimolecular reaction 

5 Certain abnormalities in the recovery heat are discussed 

The expenses o£ this research hare been borne m part by a grant from the Royal 
Society 
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THE "INTERFERENCE” OF TWO FLEXION- 
REFLEXES , AN EXAMINATION OF V^SZI’S 
EXPERIMENT By T GRAHAM BROWN 

(From the Physiology Institute, Cardiff) 

In 1910 V6szi(i) described an experiment winch has been taken to 
have an important bearing on the problem of central inhibition 
The experiment is as follows 

Reflex contraction of m. gastrocnemius in the frog may be elicited by repetitive faradic 
stimulation applied to the central cut end of eaoh of several posterior spinal roots, (e.g 
VIII, IX, X) If, however, during a long continued stimulation of root IX, root VIII 
or X (eg) is concurrently stimulated, the "background” tetamo contraction of gastro 
onemius is replaced by inhibitory relaxation — although the interrupting stimulus evokes 
reflex oontraotion of the muscle when given alone This observation has been used — 
for example by Keith Lucas (3, p 96) — as an indication that an inhibitory effeot is 
produced by the “moreased frequency of the impulses which would reach the final 
common path when both roots are stimulated at once ” 

The hypothesis is that central inhibition occurs where nerve-impulses 
follow one another at too great a frequency Eaoh then falls in a pre- 
ceding relative refractory phase Each is thus so reduced in magnitude 
that it is unable to pass through a succeeding place of decrement 
V 6 s z i ’ b observation has been accepted as experimental support for 
this hypothesis Yerworn ((2), p 225) explains V6szi’s experiment 
as an instance of inhibition due to ‘‘interference ” 

V6szi’s observation is, however, capable of another explanation 
His interrupting stimulus evoked a reflex contraction of gastrocnemius 
which did not continue for the whole period of repetitive stimulation 
This “Anfangstetanus” is a twitch-like contraction of the muscle, and 
gives place immediately to relaxation which continues during the re- 
mainder of the period of stimulation 

Vdszi did not record the synchronous movements of an antagonistic 
muscle (flexor), and it is therefore impossible now to know what actually 
occurred in the flexors during the later part of the interrupting stimu- 
lation It is more than probable that his interrupting stimulus evoked 
a di-phasic reflex — the first phase represented by the brief extensor 
contraction which he recorded, and the second phase consisting in a 
contraction of the flexors (which he did not record) In this connection 
it is important to note that B eritoff (1), in recording flexors and ex- 
tensors simultaneously, found di-phasic reflexes on stimulation of the 
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central cut end o£ posterior root X in tlie frog He found tliat sometimes 
ext ensi on occurs first and is followed by flexion, at other times this 
order is reversed. Beiitoff points out that this posterior root contains 
afferent fibres from the receptive fields of functionally different reflexes, 
and suggests that the di-phasic effect of stimulating a mixed root (or 
a mixed afferent nerve) is dne to combination of the various reflexes 
evoked by stimulation of the different functional groups of afferent fibres 
which run in it 

The present observations On the supposition that Y 6szi’ s result is 
really dne to a di-phasic response evoked by the interrupting stimuli he 
used, a parallel observation may be made in the decerebrate cat where a 
di-phasic flexion-extension reflex is compounded against a “background” 
of maintained flexion The chief difficulties presented m searching for 
these conditions are the comparative rarity of reliable di-phasic reflexes 
and the comparative difficulty of obtaining reflex inhibition of flexion 
In a recent experiment the proper conditions were obtained 

Black female cat, 1130 grm., May 14th, 1926 Preparation started 10 35 a-m. Be 
-cerebration performed 1L15 a.m. at end of all operative procedure Chemical narcosis 
had been stopped just before decerebration. 

The cat mas prepared for graphic isotonic registration of tibiahs anticus and gastro 
•enemas solens of both right and left sides of the body Remaining muscles of both land 
limbs -were paralysed by tendon or motor nerve section. Cat fixed m position for re- 
cording about mid-dav Xeedle electrodes inserted under skm of both hind parrs for 
reflex stimulation. The sacrum, femora, and tibire firmly clamped in such a posture that 
the spinal axes was parallel to the floor with the dorsum of the cat up The fore part of 
the cat swung loosely from the ceiling with the fore paws clear of the table The front 
part of the cat could therefore take up any posture or perform movements fieelv 

Tins particular preparation was an extremely stable one and gave 
very regular results for 33f hours after decerebration — the last records 
(taken at 9 0 p m. on Hay 15th) showing little apparent deterioration 
The preparation died during the night of the 15-16 May The fore part 
of the cat hung symmetrically throughout the whole period of the ex- 
periment — there being no asymmetrical posture, such as is sometimes 
seen where bleeding occurs from the decerebration wound during an 
experiment The results to be described were obtamed on the morning 
of May 15th during the period from about 22f hour to about the 25th 
hour after decerebration 

Results 

The following instance only need be described 

Right limb results 

A (Fig 1 ) Repetitive faradic stimulation of the right hind paw at 
2000 Berne units (frequency about 20 per second, primary current 
0 o amp ), continued for 12 seconds, evokes a maintained reflex con- 
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traction of right tibialis anticus The plateau of contraction is attained 
about 2£ seconds after the commencement of stimulation and falls 
slightly during the remaining period 



Fig 1 The “background” right ipailatcral flexion reflex — described as “A” m text 
(No 15216 obtained 23 hours 52 minutes after decerebration) This reaction was 
taken 45 minutes before the reactions illustrated in Fig 2 The flexor contraction 
is not so well main tamed as it was m a similar record obtained 28 minutes after the 
reaotionB in Fig 2 

In this and the succeeding figure top myograph line —isotonic reflex movement 
of right tibialis anticus x2 x , lower myograph line = isotonic reflex movement of right 
gastroonemius solcus x 4 1 — in either case an arbitrary base line is drawn underneath 
the myogram during the experiment. Upper signal hue = commencement (fall of 
signal) and termination (rise of signal) of repetitive faradic stimulation of left hind 
paw Lower signal line = the same for right hind paw Lowest line = time in seconds 
Note The stimulus signal failed during this record, but the stimulus — which 
lasted 12 seconds — did not fail The exact times of commencement and termination 
of stimulus are immaterial, the approximate points are marked. 

B (Fig 2 ) Repetitive faradic stimulation of the left foot at 2500 
Berne units (frequency about 20 per second, primary current 0 5 amp ), 
continued for 2 seconds, evokes a brief contraction of right flexor which 
gives way to relaxation during stimulation Relaxation is complete 
about 1 2 seconds after the commencement of stimulation Almost 
synchronously with the attainment of flexor relaxation, right gastro- 
cnemius rises m a well-marked contraction which persists as after- 

1 / e. in original record as here reproduced, tibialis anticus myogram shows the true 
shortening and lengthening of muscle, gastrocnemius soleua myogram shows move 
ment x2 
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discharge on termination of the stimulus The reaction is therefore 
markedly di-phasic, and the record of the flexor muscle strictly com- 
parable to Ydszi’s records of gastrocnemius m the frog 



Fig 2 Two reflexes from the same preparation (Nos. 16251, 16252 obtained 24 hours 
38 minutes after decerebration) The first reaction is that described as “B” in the 
text. It consists in a di phasio reflex commencing with flexion and reversing to 
extension during stimulation, the extension being continued after stimulation as after 
discharge The second reaotion — described as "C” in the text — is obtained by com 
pounding the immediately preceding reaction with the “background” illustrated in 
Fig 1 There is algebraic summation of the two phases of ‘B” against the steady 
flexion of “A.” 

C (Fig 2 ) Reaction B made to interrupt “background” A, the 
commencement of the interrupting stimulus f allin g 4 seconds after the 
commencement of the “background” stimulus 

The first effect seen after the commencement of the interrupting 
stimulus against the “background” is an augmentation of reflex flexor 
contraction This gives place to relaxation during the period of com- 
pound stimulation and at the end of the 2 seconds of the mterrupting 
stimulation the level of flexor contraction is considerably lower than 
the plateau of the simple “background” flexion This depression per- 
sists, after the interrupting stimulus is stopped, for the rema ining 
4 seconds during which the “background” stimulus is continued alone 
The extensor exhibits reflex contraction in correspondence with the 
relaxation of the flexor muscle during the later part of the interrupted 
stimulus, and this contraction becomes augmented after the withdrawal 
of the interrupting stimulus 
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Comparison of the time relations of the movements m the simple 
interrupting reflex and the interrupted period of the compound reflex 
shows (a) the maximum of flexor contraction in the latter occurs later 
than in the former (say 0 2—0 25” later), ( b ) the subsequent flexor re- 
laxation also occurs later m the compound reflex, and the relaxation is 
slower These observations, together with the clear augmentation of 
flexor contraction m the compound reflex, point to an algebraic summa- 
tion of the two simple flexions and not to an “interference inhi- 
bition” of flexion 

The experimental result is this 

The interrupting di-phasic stimulus (flexion followed by extension) 
gives a similar di-phasic effect when compounded against a “background” 
reflex of maintained flexion There is algebraic summation of the two 
parts of the di-phasic reflex with the “background” flexion 

A ■ -possible explanation of Fdszt’s experiment 

Graphic reproductions of Ydszi’s experimental results are con- 
tamed in his original paper (l), and other examples are illustrated by 
Verworn (( 2 ), pp 43, 224, 225 and 226) 

If VdszTs result is to be taken to show that two stimuli, each of 
which gives reflex contraction of the same muscle, may give inhibitory 
relaxation when compounded together, the important phase in the 
compound reflex is that which corresponds m time with the brief “An- 
fangstetanus ” evoked by the interrupting stimulus when it is given 
alone The analysis of the records quoted above is rendered difficult by 
the absence of ordinates such as are made on the stationary drum at 
the commencement or termination of the tracings But there is suffi- 
cient internal evidence 1 to show that the inhibitory relaxation obtained 
by V6szi when he stimulated the Xth root during maintained reflex 
contraction evoked from the IXth root occurs later in time after the 
commencement of the interrupting stimulus than (or at least as late as) 
the relaxation in the “Anfangstetanus” evoked when the interrupting 
root is stimulated alone 

There is thus no reliable evidence that the inhibitory relaxation of 
gastrocnemius seen during the interruption of the IXth root reflex by 
Xth root stimulation is due to “interference of the Anfangstetanus 
stimulus with the “background” stimulus It is as probable, or more 
probable, that the inhibitory relaxation of the compound^ reflex is 
strictly comparable to the relaxation which terminates the Anfangs 
tetanus ” obtained on simple stimulation of the Xth root 

1 See the graphic tracings figured by Verworn ((2), Fig 58, p 225) 



103 


INTERFERENCE OF REFLEXES 

The suggestion, may be made that the relaxation of the “ Anfangs 
tetanus” was accompanied by reciprocal contraction of the flexor muscles 
(not recorded by Y 6szi) and that the whole phenomenon may he quite 
simply explained if Ydszi evoked a di-phasic reaction on stimulation of 
the “mterrupting” root In this case the (first) extension phase of the 
di-phasic reflex sums with the extension of the “background'' reflex, 
and the (second) flexion phase of the di-phasic reflex (consisting of exci- 
tation of the flexor moto-neurones and inhibition of the extensor) 
sums algebraically with the “ background” extensor contraction During 
this second phase, the extensor inhibition of the di-phasic reflex gives 
the extensor relaxation of the “background” gastrocnemius contraction 
seen in the compound reaction 

The results described here m the decerebrate cat give strong support 
to t his view If the flexor muscle alone is examined, the records are 
similar to those obtained by Y dszi (with an extensor) The extensor 
muscle gives the additional information pointing certainly to the di- 
phasic nature of the phenomenon In the first period after the inter- 
rupting stimulus has been put against the “background,” there is alge- 
braic summation of the (first) flexion phase of the di-phasic mterrupting 
reflex with the “background” flexion, in the second period there is 
algebraic summation of the (second) extension phase of the di-phasic 
reflex with the same flexion “background ” 

Summary 

1 V6szi’ a experiment has been interpreted to mean that two 
senes of repetitive stimuli, each of which are excitatory for the extension 
reflex in the frog, may when applied synchronously give an “inter- 
ference” effect resulting m inhibition of reflex extension 

2 A comparable experiment m the decerebrate cat gives no evidence 
that this is the case On the contrary, algebraic summation occurs 

3 There are good grounds for supposing that V6szi’ s result is due 
to the algebraic summation of each of the succeeding extension and 
flexion phases of a di-phasic reflex with a “background” of maintained 
extension when the di-phasic reflex is used to interrupt a maintained 
extension-reflex 
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THE APPLICATION OF THE ETHYL IODIDE METHOD 
TO THE DETERMINATION OF THE CIRCULATION 
RATE IN WOMEN 

By WINIFRED C CULLIS, OLIVE RENDEL (Riddell 
Research Fellow of the Obstetrical and Gynaecological Unit, 
Royal Free Hospital) and ELLEN DAHL 

(From the Physiological Laboratories of the London (RF H) 
School of Medicine for Women ) 

During the war, the late Prof Brodie initiated some work on the 
effects of penetrating chest wounds upon heart output The work was 
carried out by Prof Brodie and one of us (W C C ) m conjunction 
with Mrs Oppenheimer and the late Prof J J Mackenzie, and 
was made possible by the facilities kindly given to us by Dr Louisa 
Garrett Anderson and the late Dr Flora Murray at the Endell 
Street Military Hospital 

The determinations of output were made by a modification of Krogh s 
nitrous oxide method (l) and observations extended over a period 
of more than 18 months Thy results were not published, since great 
discrepancies occurred m the figures obtained for any one individual, 
even when there was, so far as could be seen, no obvious failure m the 
technique of the actual experiments In many cases the results justified 
the view that a curtailment of the exchanging surface of the lungs was 
compensated for by an increased flow through the active part of the 
lungs as measured by the gas absorption, and probably also by an m 
crease in the heart output The true extent of the increase woul 
obviously not be given by this method based upon respiratory exchanges 
if there were still a circulation through the collapsed lung tissue Obser 
vations on normal individuals gave an average circulation rate of 4-5 
htres or even less, whilst with the wounded, rates of 7, 8 or 9 litres 
were more often obtained But, even in intelligent subjects giving t 
greatest possible co-operation and on whom observations usually gave 
average results, circulation rates of 3 or 12 htres might occasionally be 
obtained from experiments otherwise apparently satisfactory For 8 
reason it was not possible to draw any definite conclusions as to 
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efieets of chest wounds upon circulation rate and the investigation was 
finallv abandoned after considerable work on normal mdividuals had 
convinced ns that in our hands this method, for various reasons could 
not be rehed upon to give consistent results 

More recently, work on heart output vras again undertaken, and was 
still further extended, o-nng to the avrard to one of us (0 B ) of a research 
scholarship to f ollovr through the heart changes in pregnancy, in sub] ecis 
suffering from heart lesions Careful consideration of the problem led to 
the conclusion that a study of heart output would best serve the purpose 
smce this fiaure vronld give accurate information as to the added amount 
of work throvm on the heart m pregnancy Our tnal of various methods 
led us to the vievr that, though these might give reliable results upon 
subjects vrbo could give intelligent co-operation, callmg in some cases for 
considerable training and control, ibey were not suitable for use where 
whether from illness or lack of familiarity with the method, such co- 
operation could not be expected- The use of methods involving the taking 
of blood samples would also considerably limit the number of observa- 
tions that could be made 

A note in a paper by Prof. Yandell Henderson refemug to the 
advantages of ethyl iodide in such, studies led to communications with 
him. which resulted in our having the very great advantage of his help 
in setting up in our laboratories aB the apparatus required for deter- 
mination of heart output by this method. In our earlier observations 
we also had bis co-operation in the actual experiments which saved us 
manv hours in developing our technique 

The present paper gives an account of a senes of observations upon 
the circulation rate of normal women as measured by the ethyl iodide 
method ( 2 ) The experiments were made m such a manner as would, we 
thought, give everv opportunitv of testing the reliability and general 
ease of application of the method to persons with no particular expenence 
of it, and further would give, if successful, info rma tion as to the circula- 
tion rate in a group of healthy women. 

Determinations have been made under standard conditions with the 
subject in a semi-reclmmg position after a period of rest of not less than 
30 minutes In most cases the subject had a light breakfast of tea and 
toast 1-11 bours before maknm the determination. 

A few estimations were made after lunch when an interval of 2 hours 
was allowed. The eSect of digestion on the cardiac output will he referred 
to later, but it appears that even after a heaw meaL the circulation rate 
is back approximately at the resting level within 2 hours The actual 



106 W 0 GULLIS , 0 RENDEL AND E DAHL 

duration of the experiment must be at least 10 minutes, so as to allow 
time for the alveolar sampling tube to be completely washed through 
with alveolar air The oxygen consumption is estimated each time by 
collecting a sample of expired air in a Douglas bag, during the latter 
half of the experiment This also forms an additional cheek on the volume 
of air breathed 

Table I gives the results of a senes of experiments performed under 
the standard conditions on two individuals 


TabjiE L 


Subject E D age, 22, weight, 60 kg , height, 174 om., average ventilation 
5 22 litres per min , average 0, consumption, 226 c.o. per fnin 


Date 



Circulation 

Stroke voL 

Stroke index 


Pulse 

litres per min. 

0 0 

o o per kg 

20 i 26 


64 

fi 20 

144 

2 40 

20 x 25 


74 

648 

87 

145 

20 x 26 


66 

6-26 

06 

1 58 

30 x. 26 


63 

8 76 

139 

2 31 

2 u 26 


66 

6 80 

89 

148 

2 u.26 


60 

6 60 

100 

1 67 

3 n 26 


64 

6 76 

106 

176 

3 u 26 


67 

760 

113 

188 

3 n 20 


72 

8 00 

111 

185 

4 u 26 


64 

6 40 

100 

1 67 


Average 

"itT 

718 

108 

TiT 

Subject M E age, 20, weight, 03 kg , height, 102 

cm. , average ventilation, 

4 46 litres per min , average 0, 

consumed, 210 c c 

per mm, athletio, rower 




Circulation Stroke vol 

Stroke index 

Date 


Pulse 

litres per min. 

0 0 

o o per kg 

6 u. 26 


Si 

6 20 

63 

100 

10 u 26 


68 

7 60 

112 

1 78 

23 u.26 


78 

11 60 

147 

234 

2 ui. 26 


86 

13 60 

167 

2 60 

2 in. 26 


82 

10 60 

128 

2 03 

9 in 26 


77 

10 60 

136 

2 18 

9 ui. 26 


70 

10 40 

148 

235 


Average 

~7fT 

10 00 

127 



The observations extended over a period of several months It will 
be seen that, on the whole, the figures are m close agreement with one 
another In both the examples given the later results agree more 
closely than the early ones This may be attributed partly to our im- 
proved technique and partly to the fact that the subject becomes more 
accustomed to the procedure, the first one or two experiments on any 
individual are always apt to be unreliable Other reasons for a certain 
degree of variation are the unavoidable experimental error, which is 
probably about 10 p c , and the difficulty of obtaining exactly similar 
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conditions, as is shown by variations in the oxygen consumption and 
poise rate 

The most constant figure for any given subject is obviously the 
stroke index, and if the earlier experiments recorded m this table are 
excluded, it vnll be seen that the later figures do not vary by more than 
plus or minus 10 p c from the average 

In the case of M E the first estimation is printed m italics, as it is 
obviously too low as judged by her average figures, especially the stroke 
index In this experiment the respiration rate was 20, whereas the usual 
rate for t his subject is 6 1 The total ventilation was not increased and 
the tidal air was therefore very low In our experience this always tends 
to give a low circulation rate The second experiment shows a slight 
improvement, the respiration rate being in this case 12 

Similar observations have been made on a group of students over 
a period of three months, and, whilst Table I gives two such sets of 
experiments in detail. Table II gives the average results obtained from 




Txbu: 

No of 
experi- 

n 

Circulation 

litres 

Stroke 

volume 

Stroke 

index 


Subject 

ments 

Pulse 

per mm. 

0 0. 

o c per kg 

M E 

Age, 20 weight, 03 kg 

7 

79 

10 00 

126 

200 

C C 

Age, 21, weight, 68 kg 

3 

76 

8 21 

108 

186 

M IT 

Age, 24 weight, 61 kg 

4 

90 

840 

94 

184 

E D 

Age, 22, weight, 60 kg 

10 

66 

7 18 

108 

1 80 

0 R 

Age, 36 weight, 49 kg 

11 

71 

6 30 

88 

181 

R S 

Age, 26, weight, 70 kg 

4 

64 

7 80 

122 

1 76 

D B 

Age, 19 , weight, 62 kg 

4 

61 

660 

106 

1 70 

B J 

Age, 23, weight, 73 kg 
Age 23 weight, 48 5 kg 

4 

72 

8 78 

122 

1 67 

-V R 

2 

67 

6 20 

78 

1 60 

J R 

Age, 21 weight, 65 kg 

6 

108 

10 40 

BC 

1 60 

M C 

Age, 20, weight, 68 kg 

8 

72 

6 76 

94 

1 64 

J C 

Age, 19, weight, 61 kg 

6 

73 

6 10 

70 

1 16 

Average for 11 women, ages 19-26 
(omitting 0 R ) 

"i-T 

76 

76 

100 

1 67 


all experiments on 12 subjects These experiments are not specially 
selected, and only those results which axe unsatisfactory on account of 
obvious technical defects, or of very low carbon dioxide percentages 
m the alveolar air, have been excluded 

Comparison of these results with those published by H end ers on and 
Haggard shows that our figures, though giving slightly higher values, 
are, ou the whole, m close agreement with theirs Their figures for women 

1 Wo wish to draw attention to the fact that the average respiration rates observed 
m the majority of our subjects during these experiments are considerably below those 
normallv accepted but are very constant for each individual. 
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are, however, taken from a few experiments only, and the ages range 
from 1 i to 50 instead of from 19 to 25 as in our senes 

Details of our observations on one of the subjects are given in 
Table III, as the figures obtained show some features of special interest 

Table TFT. 


Subjeot J B age, 21, weight, 65 kg , height, 162 cm., persistent over breathingandrapid 
pulse during all experiments, normal resting pulse, 74, alveolar CO, (Haldane Priestley), 
6 2 p o , vital capacity, 3750 o c No evidence of hyperthyroidism 


Date 


Circula 

tion 

Stroke 

Stroke 

Ventila 

tion 

Oxygen 

consump 

Alveolar 
CO, p o.* 

and 

Pulse 

litres 

volume 

index 

litres 

tion c c 

time 

per min. 

o c 

o o per kg 

per nun 

per min 

MXMELP 

8 n.20 

10 am 

106 

11 60 

10S 

1 68 

9 80 

291 

3 21 3 71 

14 n 26 

10 am 

118 

14 30 

120 

1 87 

12 20 

291 

3 64 — 

1 16 p m. 

118 

11 75 

100 

1 54 

10 40 

264 

3 64 — 

22 ii 26 

10am 

110 

10 10 

92 

142 

12 00 

281 

3 41 3 63 

1 ill. 26 

10 a m 

100 

8 60 

85 

130 

9 50 

213 

3 67 3 76 

1 15 p m 

100 

8 00 

80 

1 23 

10 80 

232 

3 52 3 69 


* M.V is the alveolar sample taken from the Muller valve of the apparatus and H. P 
is the sample taken by the Haldane Priestley method. 


In this subject, J B , the circulation rates obtained m the earlier ex- 
periments are abnormally high, although the stroke volume and stroke 
index are well within the normal limit This is partly due to the rapid 
pulse rate which is never below 100 The mam feature m this case, 
however, is the persistent over-breathing In one experiment, which has 
not been recorded here, the ventilation was very uneven throughout, 
averaging 14 litres per minute, and at one period reaching the very high 
figure of 17 litres, the alveolar carbon dioxide being reduced to 2 7 p c 
In spite of this, she appeared to suffer very little discomfort beyond a 
marked flushing of the face, and there was no succeeding period of 
apnoea The resistance of the valves was not more than 2 cm of water 
and has been the same in all our other experiments There is no marked 
increase of metabolic rate m this subject nor any other evidence of hyper 
thyroidism, the normal resting pulse rate being 74 We conclude, there- 
fore, that the phenomenon is a purely nervous one 

A few observations have been made on some of our subjects to show 
the effect of food and exercise on the circulation rate Table IV is in- 
cluded to show the type of result obtained, but the work on this point 
is as yet incomplete 
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Subject and conditions 
of experiment 

Txbis.IV 

Date Pulse 

Circa 
lation 
litres 
per mm. 

Stroke 

volume 

C.C. 

Stroke 

index 

C.C 

per kg 

Oxvgen 

con 

sumption 

C.C. 

per min. 

OR age, 36, weight, 49 kg 
Average resting values 
l hour after lunch 
l hour after heavy lunch 

I hour later 

II hours after lunch 

12 xn25 

4 u. 26 

4. u 26 
24.ii.26 

71 

76 

71 

70 

6S 

63 

84 

9 1 

5-9 

9 8 

86 

108 

12S 

S4 

144 

181 

2 20 

2 62 

1 71 

2 94 

200 

260 

207 

168 

1S3 

Exercise stationary running 
for 44 mina , 2i hours 
after food 

31 in. 26 

144 

IS 2 

126 

2 57 

1530 

JT L male, age, 39, weight, 
70 kg 

After 24 hours fasting 

2 hours later, 1 hour after 
meal 

3 re 25 

3 u-25 

64 

60 

7 05 

11 70 

110 

146 

1 57 

2 09 

267 

32S 


Practical details in application of method 
Id. new of the interest which the ethyl iodide method has aroused 
and of its possible cluneal application, we think it may be useful to discuss 
some of the difficulties which we have encountered, m the hope that we 
may save time and trouble to others who are using the method Points 
for discussion arise in connection with the following 
(a) The alveolar air sample 
{b) The estimation of ethyl iodide 
(c) Pulse rate aud total pulmonary ventilation. 

(a) The alveolar sample We may remind readers that the calculation 
is made from the following formula 

„ . Ethyl iodide absorbed per minute _ 

Circulation = x 2 

The data necessary for this calculation are, therefore 

1 The total pulmonary ventilation in litres per minute 

2 The concentration of ethyl iodide in the inspired aix 

3 The concentration of ethyl iodide in the expired air 

4 The concentration of ethyl iodide m the alveolar air 

Of these, the only factor which offers any real difficulty is the last, 
and the success of the method largely depends on the extent to which 
the problem of obtaining a genuine sample of alveolar air has been solved 
The same question arises m most of the other methods used for deter- 
mination of the circulation rate, but m this particular one, the necessity 
for procuring a sample of at least 250 c c adds to the difficulty Hen- 
derson and Haggard have shown that their method for collecting the 
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Table V Effect of tidal air on alveolar CO, percentages 


Respir 

Alveolar CO- percentages 
Tidal air , B 

Average 
alveolar CO, 

rate 

c 0 

Muller Haldane Priestley 

percentage 


Subject D 

B Average circulation, 6 5 btres 
stroke index, 1 70 c c per kg 

per mm.. 

19 

390 

4 32 5 80 


17 

335 

3 59 5 45 

H. P 5 62 

18 

320 

4 29 5 68 : 

AL 4 15 

18 

370 

4 39 5 17 J 


Subject J C Average circulation, 5 1 litres per nun. , 
stroke index, 11 8 cc per kg 
17 330 4 84 5 57 

17 310 4 73 6 64 

18 310 4 55 5 64 

20 330 4 48 5 81 

16 300 4 73 5 64 


Subjeot M E Average circulation, 10 0 litres per min , 
stroke index, 2 0 c c per kg 

5 000 6 01 5 89 

6 770 5 86 5 82 

6 750 5 85 5 62 

5 760 6 84 5 79 

5 920 5 73 5 94 


Subjeot R S Average circulation, 7 8 litres per nun. , 
stroke index, 1 75 c o per kg 


8 

700 

6 72 

5 45 



7 

700 

6-97 

5 62 

B P 

5-76 

6 

880 

6 82 

5 70 

M. 

683 

8 

500 

5 81 

6 16 




) H. P 6 81 
M. 5 86 


) H P 6-67 
JL 4 66 


method from the British Drug Houses, Ltd , who are putting it up in 
Pyrex glass tubes ready for use 

In the method as originally described, an oil bath is used as a means 
of maintaining the correct temperature of the iodine pent-oxide tube, 
which should be 160°-200° C This is a simple method and maintains 
a constant and even temperature It has, however, one serious dis- 
advantage The pentoxide tube may break, and a violent reaction take 
place between the oil and the pentoxide This accident occurred to us 
near the beg innin g of our work, and, although there was no actual 
explosion, enormous volumes of iodine were given off, sufficient to render 
the laboratory uninh abitable for several minutes, and the pentoxide 
tube was completely spoilt 

We have now, with the co-operation of Miss Waller, devised an 
electrically-heated air bath, and this has proved both simple and effective 
There is no risk of an explosion and no need for a draught cupboard The 
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apparatus consists of a box made out of asbestos and fastened together 
with paper dips There is a sht m the lid through which the U-tube 
containing the pentoxide is passed, the tube hanging free m the box 
by means of its arms which rest on the outside of the lid These are 
packed round with asbestos wool and a further cover put over the whole 
to prevent coo ling and consequent deposition of iodine The sides of the 
box are lined with two woven wire resistances of suitable voltage which 
are connected m parallel, a sliding resistance being introduced between 
the mam current and the wire resistances, for the accurate adjustment 
of the temperature Very little alteration in the resistance is necessary 
from day to day, and the temperature does not usually vary as much as 
5° C in the course of one day The air space must be sufficiently large 
to ensure a uniform temperature round the pentoxide tube which must 
not come in contact with the heating arrangements 

"We should also like to emphasise the importance of correct seasoning 
of the pentoxide tube This must he done at 250° C , as stated in the 
original paper The reason for this appears to be empirical, but we had 
considerable trouble with one tube which was only seasoned at 200° C , 
and a number of our results had to be discarded, owing to the consequent 
irregularity of the reaction We also find it advisable to heat the tube up 
to 250° C for hour whenever it has been out of use for 2 or 3 days — 
as over the week-end 

The rate at which the air is passed over the pentoxide is also im- 
portant The flow must be sufficiently rapid for the completion of the 
reaction within the time allowed, which is usually 5 minutes, but not 
so rapid as to allow the escape of iodine through the absorption tube 
This latter point can easdy be controlled by the addition of a second 
absorption tube 

(c) Pulse rate and pulmonary ventilation Those who are familiar with 
the technique of the determination of basal metabolic rate will already 
have realised the length of time required m some subjects for the 
respiration to settle down after first beginning to breathe through the 
i alves We always leave the subject to breathe through the valves to air, 
for several minutes before turning on the ethyl iodide — the alveolar 
tube being shut off during this period The ethyl iodide usually stimu- 
lates both the pulse and the respiration slightly, and therefore, although 
the actual duration of the experiment is 10 minutes, we now take the 
pulse rate and respiration volume from an average of the last 5 minutes 
only, as that taken over the whole 10 minutes’ penod usually gives too 
high a figure J 6 


fh lxii 
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Conclusions 

1 During the last nine months considerably over a 1 00 determinations 
■of circulation rates have been made by the ethyl iodide method, on 20 
different subjects As a result of these determinations we are convinced 
that the method gives excellent and consistent results m the majonty 
of normal cases It is also easy of application 

2 The average figures for circulation rate, stroke volume and stroke 
index in a group of women are given 

3 The stroke index is the most constant figure in connection with 
circulation rate, giving an average output for women of 1 7 c c per kg 
of body weight from the right side of the heart during rest 

Finally, we desire to acknowledge most gratefully the help of Prof 
Yandell Henderson, under whose personal supervision the apparatus 
was set up We also desire to thank very warmly Lord Riddell, the 
donor of the research fellowship held by 0 R , and Prof Louise 
Mcllroy, at whose request and m connection with whose department 
it was awarded Our grateful thanks are also due to Mr William Lofts 
for assistance m constructing the apparatus, and for continued help 
throughout the work 

Towards the expensos of this research a grant was made by the British Medical 
Association 

Note. Since this paper was written, an article by Dr W Mobitz (3), giving results of 
observations on circulation rate by the ethyl iodide method, has appeared The figure 
given for the stroke volume in women is 75-100 c o which is smaller than in our cases 

Like ourselves, be concludes that consistent results can be obtained, and he also 
emphasises the necessity for checking the accuracy of the alveolar samples by the Haldane 
Priestley method, and for reducing the dead space of the valves 
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THE CHRONAXIE IN TETANY The effect on the chronaxie 
of thyreoparathyreoidectomy, the administration of 
g nan i dm and of di-methyl guamdin 

By DOUGLAS E BUCHAXAX ( Barbour Scholar ) 
axd HUGH S D GARYEX 

(From the Institute of Physiology, University of Glasgow) 

Iyt&ottcctiqy 

Sdcce 1874, when Erh(i) first described bis classic sign, a hyper- 
excitabOity of peripheral nerves to galvanic stimulation has been re- 
garded as a typical manifestation m idiopathic tetany Recent years 
have produced much work, notably that of Is oelPaton and F mdlayp) 
and more recently of Frank Stern and Xothmannp) and Gyorgy 
and Y ollmerp) on the experimental production m animals of the 
symptoms of tetany by parathyreoid removal and by the injection of 
guanidm and di-methvl guamdm salts A lowering of the galvanic 
threshold in a manner strictly similar to that seen m idiopathic tetany 
is shown to be a constant phenomenon m such conditions experimentally 
produced 

The present investigation was undertaken to discover what altera- 
tions, if any, m excitability were present in tetany produced by para- 
thyreoidectomy and by guamdm and di-methyl guamdm, using as a 
measure of the excitability the chronaxie mstead of the less accurate 
galvanic reactions 

In an isolated muscle nerve preparation there are various aspects 
of the process of excitation, conduction and contraction which can be 
measured quantitatively, but m investigations where the nerve and 
muscle remain m the bodv, the only quantities which can be measured 
readily are those which define the threshold electric stimulus 

The pioneer work on the relations of the minimal current strength 
to the minimal duration of a stimulating current done hv Fick(5) 
Engelmann<6), HoorwegP) and TTeiss(S) led to the investigations 
of LapicqueO) and LucaspO) on the form of the strength duration 
curve for different tissues and then to the theoretical interpretation of 
this curve bv Nernstpi), Lapicquepr) and Hill(i3) Lapicque has 
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introduced two constants, the rheobase and the chronaxie, which are 
easily measured and which suffice to define the form of the strength 
duration curve and so to measure the excitability of a tissue with a far 
greater precision than could be obtained by the ordinary methods of 
electrical testing used in medicine 

The meaning of these two constants has been discussed very fully by 
Lapicque(D), Bourguignon(i4>, Strohlfis), Cluzet(iG) and others, 
but it will be worth while recalling that they are very simply related to 
Weiss’ empirical equation stating the relation between the strength and 
the duration of a constant or rectangular current required to excite 
Weiss’ equation (which is not more than a moderate approximation, see 
Lucas(K>) and Hill(i3)) is 

I — a/t+b (1) 

or Q = a + bt, where I is the current which must flow for a duration t, 
Q is the quantity of electricity (7 x t) which passes, and a and b are 
constants From equation (1) it follows that if t is infinite, te if the 
current is allowed to flow for a considerable time, then I = b This 
constant b Lapicque called the rheobase, and it is measured by finding 
the current strength needed for excitation when the duration of flow is 
long (over 1 second) Weiss proposed as his characteristic of an excited 
tissue the ratio a/6 and a special case of this was taken by Lapicque, 
and called the “chronaxie ” 

From our definition, | = a time (' and in equation 

(1)7 = ajt + 6, then t' = a/b only when 7 = 26 

If we find the least duration t = a/b corresponding to a strength of 
current twice as great as the rheobase, then that duration gives us the 
other constant a of Weiss’ equation Thus, by determining the rheobase 
b and this duration i' = a/b we can define the whole curve expressed by 
the equation (1) 

Of these two constants, the chronaxie and the rheobase, the former 
is by far the more significant since it is not affected by changes m tissue 
resistance, electrode area, etc , but only by changes m the actual time 
relations of the exciting process In the present work the chronaxie and 
the rheobase of various muscles and nerves have been determined before 
and after thyreoparathyreoidectomy and after the injection of gusnidm 
and di-methyl guanidm salts which, it has been suggested, produce 
symptoms similar to those of post-operative tetany 

Measurement of the time element In previous work on the chronaxie 
in this country the currents used have been rectangular, i e increasing 
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suddenly from zero to the maximal value., remaining at this for a definite 
time and then decreasing suddenly to zero Such currents are produced 
by the ballistic rheonome of Weiss or the pendulum or spring contact 
breaker designed by Keith Lucas(i7) An apparatus of this kind has 
the advantage of allowing the entire strength duration curve to be mapped 
out if it should be thought necessary to do so but for delivering currents 
of very short durations the mechanical contact breaker is probably 
not so accurate as the condenser method of Lapicque, and this latter 
has been used in the present research When a condenser is discharged 
through a resistance greater than ViLjC (where L, the self-inductance 
of the system, is negligibly small, and G is the capacity of the condenser) 
the current falls exponentially from its maximal value to zero, at a rate 
depending on the capacity of the condenser and the resistance of the 
circuit, and in accordance with the equation 

7 t = J 0 e-'/* c (2) 


where I f is the intensity after a time t , I 0 is the initial maximal intensity , 
R is the resistance, and G is the capacity of the condenser Thus a set 
of condensers of different capacities will give us a set of currents falling 
to zero at different rates To determine the chronaxie by condenser 
discharges Lapicque proceeds as follows (1) the rheobase is found by 
determining the minimal current which will excite if allowed to run 
continuously (t e for more than half a second) , (2) the voltage required 
for the rheobase is doubled, and a senes of condensers is charged to this 
value These condensers are now discharged through the tissue and the 
smallest capacity which will ]ust excite is determined. From t his the 
chronaxie can be found by multiplying the critical capacity m farads 
by the resistance in the circuit in ohms and by an empirical constant 37 
The value of this constant was found by control experiments with 
rectangular currents on vanons tissues (Lapicque (12)) 


Apparatus The apparatus used in this investigation was developed for use with inverte 
brate mammalian and h uman tissues from that of Lapicque (cL Fulton (IS)) and of 
Bonrguignon (19) The source of current is a 200 volt 10 umpire hour batterv of accu- 
mulators The potential reducer is of the tvpe described by Lapicque (20) and is so 
constructed that bv putting over a switch from the “rheobase'’ to the chronase” ade 
the output is doubled both as regards amperage and voltage The actual instrument made 
bv Condon of Pans is a balanced resistance box with 72 ohms on each side and capable 
of earning 20 volts If the voltage applied to the potential reducer was van<ri bv a resort 
ancc placed between it and the batterv then the voltage and amperage of the output would 
not be eiactlv doubled when the switch is changed from rheobase ’ to “elLn 
for although the resistance in the potential reducer would thus be halved that re CL, 

circuit would remain unchanged. To avoid this error a voltage selector was 
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of two moving arms each travelling over a senes of contact studs mounted in an insulating - 
panel Wires were led from each of the first ten cells of the battery to their respective studa 
on the first dial and from each of the rema inin g nine groups of ten cells to their studs on 
the second dial By this system voltages of 2 to 220 m steps of 2 volts could be applied 
to the potential reducer without having any regulating resistance m the battery circuit 
In order to use voltages up to 220 with the potential reducer, compensating resistances 
eaoh of 72 ohms were non inductively wound from No 32 boo eureka wire, and so 
connected that one could be put m senes with eaoh of the two box resistances for every 
20 volts added from the battery This produced a constant current output from the box 
of either 27 or 18 umpire, depending on the position of the switch, so the rheobase could 
be measured in volts instead of m milliampirea 
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one 4 cm. and the other 1 cm in diameter, with a silver connecting rod 7 cm. long, soldered 
to the centre of one face with silver solder There discs were sunk m flat vnleamte cops 
and covered mth asbestos and gauze as described by Bonrgnignon (22) (6) A small 
electrode for stimulating small motor points mas made from glass tubing 9 cm long and 
4 mm. bore drawn to a fine point and covered on the outside with rubber tubing to render 
it opaque A coil of fine silver wire projects into this tnbe through a cork at the larger end 
and the point of the tube is plugged with asbestos and gauze 

The surface of the discs A and of the wire m B was covered with silver chloride by 
immersing them in 4% Sad solution and passing for an hour a current of 20 m a through 
them as anode, using a platinum wire as the cathode Du rin g use the electrodes were kept 
saturated with -4 % NaCl and the glass tube was kept filled with the same solution. The 
large 4 cm. diso was always nsed as the indifferent electrode and only cathodal stimulations 
were observed in making any measurement of the rheobase or of the chronane During 
an observation the current was reversed in direction after each stimulation, to break down 
the polarisation of the tissues and to prevent the destruction of the coat of silver chlonde 
on the cathode 


Experheextal 

Different muscles of tlie fund limb "were nsed during tbe investigation 
in an attempt to find tbe one which gave tbe most constant results and 
in tvbich tbe reactions were tbe most easily and quickly measured Tbe 
most suitable muscle was found to be a deep flexor and next m order an 
extensor Tbe objections to tbe gastrocnemius muscle axe that it is 
crossed by fibres of the vastus extemus whose contractions can be con- 
fused with those of tbe underlying gastrocnemius and that the peeuhar 
end distribution of its motor nerves leads to conflicting results Tbe 
stimulation of a nerve trunk is a much more difficult proceeding than the 
stimulation of a muscle through its motor point and to obtain rebable 
results requires great care and considerable practice with a suitable 
electrode Tbe sciatic nerve was investigated m animals 1, 2, 3, 6, 7 and 8 
and tbe common peroneal in animals 4 and 5 

Bourguignon(23) brings forward convincing evidence that m the 
normal animal percutaneous stimulation of a muscle through its motor 
point or through a nerve trunk vs a stimulation of a nerve and that to 
obtain direct muscular excitation necessitates previous denervation of 
tbe selected part either by nerve section or curarisation 

All tbe measurements m this series were made on cats and the 
following procedure was followed m each case Tbe fur was shared from 
tbe external surface of tbe thigh and lower leg of one side, and on tbe 
same side from an area on tbe thorax sbghtly larger than that of tbe lar°e 
indifferent electrode This procedure is not absolutely necessary as all 
alterations in the body resistance are allowed for in tbe shunt circuit 
of tbe electrodes but it reduces the resistance and allows a much lower 
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voltage to be used as the rheobase, and very materially assists m the 
accurate observation of the minimal muscular contraction 

No anaesthetics of any k ind were used during these investigations, 
as the animals could always be controlled without them For the first 
few days if the cat would not he still while the readings were being taken 
it was placed with the one hind leg protruding, m a castration bag in 
which a hole had been cut for the large electrode There was no possi- 
bility of any compression causing alteration of the respiration or of the 
circulation, and it was always found that the bag could be dispensed 
with after a few days Three persons were necessary to make an observa 
tion The first controlled the animal and held the large electrode m 
position, the second adjusted the stimulating current, and the thud, 
using the small active pole, observed the reaction The apparatus was 
so arranged that the actual observer could not see the readings on the 
dials and had to ask for “more” or “less” without knowing the actual 
values he was usmg This precaution was absolutely necessary to prevent 
preconceived ideas influencing the results 


Results 

A In the normal animal 

(1) The daily 'physiological variation In each animal the rheobase 
and the chronaxie were measured for several days before any experi- 
mental treatment was carried out, and m addition to this two cats were 
kept as normal controls and their reactions were measured daily for 
a period m one case of over four weeks 

The dady variation m the chronaxie in the deep flexor of cat 13 
and in the extensor of cat 10 are shown m Table I, and Figs 1, 2 and 3 
show the readmgs for the sciatic nerve, the deep flexor and the semi- 
tendmosus in cat 8 which may be taken as typical examples of the 
whole group 


Table L Daily physiological variations. 


Deep flexor Cal 13 


Extensor Cat 10 




Rheobase 

Chronaxie 


Rheobase 

Chronaxie 


Date 

(volte) 

(1/1000 seo ) 

Date 

(volts) 

(1/1000 eeo ) 
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iu. 26 

42 

11 

13 i 26 

36 

20 
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m 26 
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33 
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33 
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16 
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17 l 26 
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28 
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Tlie extent of these variations is not great hut the rheobase which 
corresponds to the % c c of electrical reactions shows a much greater 
range of values than the chronaxie 



Fig L Cat S. Sciatic nerve (normal] 
Abscissa gives separate observations. 

Chronaxie m a= 1/1000 sec. 

- Bheobase in volts. 


Fig 2. Cat S. Deep flexors (normal) 
Abscissa gives separate observations. 

Crmmaxie in cr= 1/1000 see. 

. Bheobase in volts. 





Fig 3 Cat S Semiteadmosus (normal) 
Abscissa gives separate observations. 

— Chronaxie mo - - Rheobase m volts. 


(2) Anccslhetics [ether and chloroform) The following experiment 
shows how profoundlv the rheobase and tbe chronaxie are modified by 
antesthetics 

Normal unomesthetised 


Normal during complete 
ether ame«the*ia 
Normal 15 mins after the 
anauthctic was stopped 


Cal 1 10th Sept 1924. 

Deep flexor muscle of nght fund leg Pheobase 51 volts. 
Chronaxie 3Sc 

Rheobase higher than 160 volts Chronaxie could not be 
measured since tbe rheobase was so high. 

Pheobase 104 volts Chronaxie 14Su 
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The rheobase and the chronaxie gradually fall and reach the normal 
level in from 3 to 6 hours after the anaesthetic is removed From these 
results it is obviously not permissible to use an anaesthetic such as 
ether or chloroform to control an animal during the taking of observa- 
tions, and to avoid the phase of decreased excitability after anaesthesia 
no readings were taken in any of our post-operative conditions, described 
later, until at least 12 hours had elapsed 


B In tetania parathyreopnva 

The operation performed in all our cases was that of complete 
thyreoparathyreoidectomy and no attempt was made to achieve pure 
parathyreoidectomy because of the wide variation in position of the in- 
ternal parathyreoids and of the frequent presence of accessory bodies The 
presence or absence of the thyreoid has nothing to do with the onset of 
tetany and the symptoms of removal of the thyreoid apart from the 
parathyreoids develops late and therefore in no way interferes with 
the manifestations of tetania parathyreopnva (see Noel Paton and 
Findlay (24) for further details on this point, and also for a complete 
picture of the symptoms of the usual post-operative condition) 

The chronaxie There is always an appreciable rise m the value of 
the chronaxie after this operation, which may m some cases occur at 
the onset of symptoms and in others near the end, but which does not 
seem to correspond directly with 
the seventy of the symptoms The 
rise m the chronaxie is more notice- 
able m the case of a nerve, such as 
the sciatic, as recorded m Table II, 
than in a muscle Fig 5 shows for 
the deep flexor m cat 10, a marked 
initial rise m value, followed by a 
gradual fall and then by a second 
rise just before death, and Figs 4 
and 6 show the height to which the Fig 5 Cat 10 Deep flexors After thyreo 
chronaxie of a muscle may rise in paiathyreoideotojny on January the 18th. 

this condition 

The rheobase is generally re- 
duced after operation but it does 
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Abscissa gives separate observations* 
Chronaxie m a~ 1/1000 see 
Rheobase in volts. 


not show any definite relation to the value of the chronaxie or to the 
seventy of the symptoms 



CRE0SAX1E IS BETAS! 


T'ct'- 

15.0.25 

14-125 

15.1.23 

16.125 


1" 125 

15.115 

15.0. 25 

19.0. 25 


y nr.T TT. Af-tr -£rr^--mrMlvr’>:H'--’‘3nT 


,5-ictt. acre. Cc fa. 


Ph-ilas’- 

dr-mass'" 


Pl'-olas- 

(tahsl 


T'a'*" 

(ro’ts) 

l r > 

13 r 

21125 

12 

45 

44- 


12 

12 

26- 


10 

15 

-7 _ 


10 

45 

26 — 


6 

25 

lyf. 

Ill 

21,0,2.5 

5 

15 



7 

10 

•> 4 — 


21 

12 

40- 


15 

24 



14 

TJ 

enarcos«3 


Q 

25 

r-5_ 

22. x 25 

17 

25 

1 55- 


11 

21 

65_ 


1 « 

m 

125- 



10 

65- 



20 

1 29- 




Clro'ir.oir 
(crPOll? O 

12 c 
v» "7 
v 15 - 
54 - 
5-5 - 
15 .. 

15 „ 

-1" „ 

*> c 

n ft 
■x 

— 4 

10 ",, 

1 (u„ 


«i^«> r 

i->9 



4 D~ •» 


3 Dt- * 

( *" 
2D*- •* 


L 

nl. . 


Str 9 fr Srt- 9h 
jMncr~i 5 fr 9 rt- 9 tr 





Brr- Brr- 9 t "Ort- 
3 * 7 C*^> 



Jaiu-5 Ba> PSfc. TD3- S£> J£> Pit- iD:h 


Cal CL 


Cat 7 


Cat 6 


Cat 7 


log 4. He. 6. 

He 4. H“p flesars. Hist -eachne tales ro loti case* 24 lams after th-rrea- 
jiaeatiTesaidectainT 

He 6 . Senrr'esdratsss. Hist readme t&tes xa. lath cases 24 lotrr* after tlo-rea- 
71 erstirrr- to a e rt-oret 


Abstnssa pores s'-parate observutscas. 
Ckremm- me. Pffaeabas” os -volts. 



122 


D N BUCHANAN AND H S D GARVBN 

The rheohase and the chronaxie gradually fall and reach the normal 
level in from 3 to 6 hours after the anaesthetic is removed From these 
results it is obviously not permissible to use an anaesthetic suoh as 
ether or chloroform to control an animal during the taking of observa- 
tions, and to avoid the phase of decreased excitability after anesthesia 
no readings were taken in any of our post-operative conditions, described 
later, until at least 12 hours had elapsed 


B In tetania 'pai athyreopnva 

The operation performed m all our cases was that of complete 
thyreoparathyreoidectomy and no attempt was made to achieve pure 
parathyreoidectomy because of the wide variation in position of the in- 
ternal parathyreoids and of the frequent presence of accessory bodies The 
presence or absence of the thyreoid has nothmg to do with the onset of 
tetany and the symptoms of removal of the thyreoid apart from the 
parathyreoids develops late and therefore m no way interferes with 
the manifestations of tetania parathyreopnva (see Noel Paton and 
Findlay (24) for further details on this point, and also for a complete 
picture of the symptoms of the usual post-operative condition) 

The chronaxie There is always an appreciable rise in the value of 
the chronaxie after this operation, which may in some cases occur at 
the onset of symptoms and m others near the end, but which does not 
seem to correspond directly with 
the seventy of the symptoms The 
rise in the chronaxie is more notice- 
able in the case of a nerve, such as 
the sciatic, as recorded m Table II, 
than m a muscle Fig 5 shows for 
the deep flexor m cat 10, a marked 
initial rise in value, followed by a 
gradual fall and then by a second 
rise just before death, and Figs 4 

and 6 show the height to which the Jig 5 Cat 10 Deep flexors. After thyreo 
chronaxie of a muscle may rise in parathyreoidectomy on January the 18 th. 
this condition 

The rheobase is generally re- 
duced after operation but it does 

not sbow any definite relation to the value of the chronaxie or to the 
severity of the symptoms 
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Table II After thyreoparathyreoidectomv 
Sciatic ncnc Cal 5 


Date 

13 l 25 

14 l 25 

15 l 25 

10 L 25 


17 i 25 

18 l 25 
18. l 25 

19 l 25 



8m 9th 0th 8th 9rh 10fh January 8th 8th 9th. 10th. 8th. BtH. 9th 10th 

Cat 6 Cat 7 Cat 6 Cat 7 

Bg 4. Fig 6 

Fig 4. Deep fleiors. First reading taken m t>otli cases 24 hours after tbyTeo 
parathyieoidectomy 

Fig 0 Semitendinosus. First reading taken m both cases 24 hours after thjreo 
parathyreoideotomy 

Absoissa gives separate observations. 

Chronaxia in o - Rheobase in volts 


Rheobase 

(volts) 

56 

45 

12 

18 

40 

20 

15 

10 

12 

24 


Chronasie 

(o=l/1000sec.) 

13 <r 
•44 „ 

26 „ 

37 „ 

26 „ 

33 „ 

33 „ 

37 „ 

40 „ 

3 1 it 


tj ectomised 
28 60 „ 

26 1 S5 „ 

21 93„ 

30 1 29 „ 

16 88 „ 

20 129„ 


Date 

20 i 25 


21 i 25 


Rheobase 

(volts) 

12 

12 

10 

10 

6 

5 

7 

21 

15 


Chronaxio 
(o = l/1000 seo ) 
33 cr 
3 7 „ 

5 18 ., 

6 4 „ 

65 „ 

15 „ 

16 ,. 

93 „ 

20 „ 
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C After the injection of guamdin Monde and di-methyl 
guamdm chlonde 

The records of a typical case of a 1100 grm cat treated with gnanidin 
show that on the first day a subcutaneous injection m normal saline was 
given of 06 grm , on the second day 1 grm , on the fifth day 1 grm , 
on the sixth day 2 grm and that on the seventh day the animal was 
killed with ether and chloroform anaesthesia The signs which appeared 
after these injections were increased salivation, vomiting, diarrhoea, 
stertor and photophobia, with irregular tremor and twitchmgs of the 
whole body and impairment of balance so that the animal walked 
with a staggering gait Di-methyl guanidin bemg a more toxic salt was 
given m two doses, each of 03 grm , for each kilo of body weight, on two 
successive days, and the animal was killed at the end of the thud day 
This produced very marked signs which on the whole were similar to 
those caused by guanidin except that diarrhoea was absent and that the 
respiration rate was increased from the normal 30—40/mm to 80-100/nun , 
a laryngeal spasm appeared and the animal almost continually rubbed 
its nose with its front paws In one case there also developed a marked 
internal strabismus accompanied with a strong retraction of the head 
as in meningitis Watershake, so typical a sign in tetania parathyreo 
priva, was very seldom seen m guanidin intoxication and never appeared 
at all m those animals in which di-methyl guamdm was injected 

The chronaxie There is a very slight decrease from the normal daily 
range after the injection of guamdm which may be due to the action of 
this drug, but the administration of di-methyl guamdm, even in sufficient 
doses to produce very marked symptoms, leaves the chronaxie unaltered 
The rheobase After the injection of either guamdm or di-methyl 
guamdm this does not show that reduction m value below the normal 


Table TTT After the injection of gnanidin ohlonde 


Deep flexors Cat 8 



Rheobase 

Chronaxie 

Date 

(volts) ( a - 

= 1/1000 se< 


Av before mjeotion 

17 a 

G u 25 

30 

13 „ 

6 u. 25 

30 

26 „ 


36 

22 „ 

7 u 25 

35 

15 , 

9 u.26 

31 

07, 


39 

15, 

10 u 25 

40 

26 , 

30 

20 


30 

37 „ 


30 

15 


06 grm guan cl injected 
1 grm guan. cl injected 

1 grm guan. cL injected 

2 grm. guan cL injected 
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level seen m post-operative tetanv but remains within the limits of the 
normal daily Tange 

Tables HI and IT and Figs 7 and S give actual readings and diagrams 
of the results after injection in four cases 

Ti-ctt XV After the injection of di methvl pnnw&m chlonde 


Duj i Ftatr Ca 12. 



Rheobase 

Chronaxie 


Date 

(volte) ( c 

= 1 '1000 tec.) 



Av before injection 

24 0 


Am- 25 

14 

*>-» 

•05 gxa. di m. g cL mjtcfed 


15 

29 



■M 

19 



no 

20 


3 dL 25 

is 

15 

0-5 grm. dim g cL injected 


15 

11 


30 

25 



30 

19 



10 

19 



14 

19 


4. m. 25 

21 

•07 



23 

11 



31 

26 



2S 

19 



20 

n 



15 

•09 




Kg. 7 Cat 8 . Senntendmo'ns. Fig S Cat 12 . Deep fieiors. After 

After guamdm injection di nethvl guamdm injection. 

Ahiassa gives s**parate observations 
' Chronane in <7 Rheobase m volts. 


Drsccssiox 


The results put. forward here, that there is an meTease in the chronaxie 
or excitation time m the tetany of parathvreoidectomy is rather the reverm 
of what previous work would lead one to expect It must be remem 
bered, however, that it is the rheobase which corresponds to the k c c 
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of electrical reactions and that that does show a de fini te reduction, and 
that the k o o of Erb s sign has no counterpart m either the rheobase or 
the chronaxie which are both kathodal closing contractions The rheo- 
base depends for its value on the electrical resistance between the two 
electrodes as well as on the state of excitability of the stimulated motor 
point and therefore the decrease m the rheobase in tetany might imply 
no more than a decrease in the electrical resistance of the skin It is 
difficult to see, however, how such an alteration of resistance could 
lead to the mcreased excitability to mechanical stimuli shown m 
Chvostek and Trousseau’s signs, unless it is that these reactions are 
reflexes through the proprioceptive nerves as Dittler and Freunden- 
berg(25) have suggested The chronaxie, on the other hand, does not 
depend on the interelectrode resistance but on the time relations of the 
excitation process, and when the chronaxie is mcreased, as in para 
thyreoidectomy, it means that the intensity of twice the rheobase must 
act on the tissues for a longer period than is normal before the excitation 
process is set gomg Results similar to ours have been obtained by 
Bourguignon and Haldane( 26 ) m the tetany produced by forced 
breathing They found that during tetany the chronaxie was mcreased 
both on the nerve and on the muscle and that the value, although never 
greater than six times the normal on the muscle, was usually ten tunes 
greater on the nerve and m some cases as much as twenty to thirty times 
It is interesting to note also that the results of Noel Patou and 
Fmdlay(27), Frank Stern and Nothmann(3) and Gyorgy and 
V ollmer(4), which m some cases at least show a definite lowermg of the 
loo after guamdm and di-methyl guamdin injection, were not con- 
firmed in our results and also that there was no increase in the chronaxie 
m these conditions as m parathyreoidectomy Although a consideration 
of the general symptoms in these three conditions shows at once their 
similarity, it seems true that so far as concerns the electrical signs of 
these conditions they are not comparable 

Conclusions 

1 The chronaxie shows much smaller daily variations in value than 
the rheobase 

2 The value of the chronaxie and of the rheobase may be com- 
pletely altered by the amesthetismg by chloroform or ether of the animal 
investigated, so that readings taken under such circumstances cannot 
be accepted as an index of the state of excitability of the motor nerves 
or of the muscles which they innervate 
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3 Thyieo-parathyreoidectomy very markedly increases the value of 
the chronaxie and to a lesser degree decreases the value of the rheobase 

4 These alterations in value have no direct and evident relation to 
the seventy of the accompanying symptoms 

5 Guamdin chlonde or di-methvl guanidin chloride as administered 
by ns has no effect on the value of the chronasie or of the rheobase 

It is a great pleasure to us to acknowledge oux indebtedness to Prof 
D Koel Paton for his constant sympathy and advice throughout the 
course of these investigations 

The apparatus used in this research eras in part paid for by a grant from the Government 
Grant Committee of the Royal Society 
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EFFECT UPON PLATELETS AND ON BLOOD COAGU- 
LATION OF INJECTING FOREIGN PARTICLES 
INTO THE BLOOD STREAM 

By JOHK TAIT a>d A R ELY1DGE 1 

{From the Department of Physiology and Experimental Medicine, 

McGill University, Montreal, Canada ) 

It was pointed out by T ait(W) that many blood cells on contact with an 
area of non-greasy foreign material axe, by capillary action, pulled 
progressively outwards over the foreign surface, hke a drop of water 
on a stone To such cells, which include mammalian platelets, many of 
the spindle-cells of amphibians and fishes, certain special cells of the 
blood of Astacus and of some other Crustacea, and various corpuscles 
of mollusca, arthropods and annulata, he applied the name thigmocytes 
It is characteristic of ttngmocytes that they are not distorted by contact 
vnth an oily ox greasy surface , on the other hand, they are highly phago- 
cytic towards minute particles of non-greasy matter 

In bloods that possess the property of true jelly coagulation, c g 
vertebrate blood or the blood of certain special Crustacea (Heim(T), 

T ait the thigmocytes act as a source of thrombin 'When, by capillary 
action, they have once been stretched beyond a certain limit, a sudden 
cytolytic disintegration occurs Tait and Gunn(i') were able to show 
that cytolysis of the hyaline thigmocytes of Astacus, which occurs some 
15-20 minutes after the blood is shed, is imm ediately followed by a 
coagulation of the surrounding plasma Tait and BurhePS) demon- 
strated that mammalian platelets, having once attained a certain degree 
of expansion on a glass slide, suffer an equally abrupt disintegration 
and, hke the hyaline thigmocytes of Astacus, discharge globules of 
thrombin into the plasma That the s tim ulus which leads to cytolysis 
of thigmocytes is purely physical was proved by Tait and Green(i6) 
The fact that thigmocytes, without detriment to their stability, may 
engulf small particles of a given watei-wettable materia], while on a 
larger slab of the same material they suffer disaster in their efforts at 
phagocytosis, indicates that simple contact with foreign matter is not 
1 Cooper Research Scholar in Experimental Medicine. 


PH LX3U 


9 



130 J tait and a r elvidge 

sufficient to determine disintegration of the cells The structural collapse 
of these elements would appear to result from over-stretc hing In the 
blood stream of some animals there are, however, cells of even more 
labile constitution, eg the explosive corpuscles of Astacus (Hardy(C), 
Tait and Gunn(i7j) and of Ligia (Tait(i 2 )), and possibly some of the 
cells of amphibians (Meves(9)) These appear to be still more sensitive 
to contact with water-wettable foreign matter So delicate is their 
structural organisation that any little surface disturbance of a capillary 
land leads forthwith to disintegration In the nature of things such cells 
are not phagocytic (Tait and Gunn(i7)) At the same time they, too, 
yield thrombin to the blood (cf Tait(i 2 ), Tait and Gunn(i7) and 
Tait and Green(i0)) 

In view of the thigmocytic reaction of mammalian platelets on a 
slab of water-wettable material and their corresponding power to ingest 
very minute particles without apparently suffering cytolysis, we arranged 
to inject into the blood stream minute particles of insoluble material 
which had been carefully graded according to size It was possible, 
for example, that injection of particles of a size so small that they could 
be comfortably accommodated within the platelets might lead to no 
conspicuous reaction, whereas injection of particles of a diameter as 
large as red blood corpuscles might induce intravascular coagulation 
It was eventually possible from the figure m Tait and Burke’sfiS) 
paper to estimate approximately the maximal area of expansion of both 
large and small platelets, which is some 100 sq g for the large and some 
40 sq g for the small These data were not, however, available when 
we began our experiments 

The only experiments known to us m which msoluble particles were 
deliberately added to blood with the object of inducing coagulation, 
are those of Rettger(iO), who showed that “dust particles, loose sweep 
ings, or hnty shreds” added to centrifuged terrapin plasma induce a 
prompt coagulation From the fact that both dust and long irrigated 
tissue extract produce similar coagulation m this reptilian plasma, 
Rettger was inclined to conclude, in opposition to the unvarying 
testimony of other workers, that tissue extract does not possess any 
peculiar or specific coagulating virtue No authors appear to have 
investigated the possible coagulant effect of introducing foreign particles 
into the circulating current At the same time the investigation is a 
necessary one, for such odd fragments of knowledge as we already 
possess in respect to platelets indicate high functional rank for these 
elements m a variety of processes not always suspected of having im- 
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mediate interrelation. In a succeeding paper (by J T ) it vail be shown 
anew bow vital is the part they play in arresting haemorrhage from a 
wound They, and they alone, would appear to be involved in haemophilia 
In most thromboses they are the important agents They play an im- 
portant part in certain immunity reactions (GovaertsfS)) They are 
undoubtedly phagocytic, and, as phagocytes or as adhesive “grips” 
probably play a part in anchorage and disposal of blood-earned micro- 
organisms Their special relation to the spleen has been shown by the 
work of Bedson(i) The all but universal occurrence of such elements, 
at least in a nima ls possessed of a circulatory system 1 , is a further in- 
dication of then general importance 

The platelets or hyaline thrombocytes of mammals are peculiar in 
at least two respects, in point of size and in apparent absence of a nucleus 
Their minute size may be an adaptation to tbe diminutive proportions 
of invading organisms Their non-nucleate or sub-nucleate condition, 
implying absence or defect of constructive metabolism, might suggest 
m their case a special adaptation as simple adhesive “grips” when 
anchorage of foreign circulating material is concerned. 

Technical Details 

Preparation of quartz suspensions The material chosen for prepara- 
tion of the particles was fused quartz (W ere we to repeat the experi- 
ments we should use crystalline quartz, because of the possibility of 
subsequently detecting the particles m the tissues with a Nicol prism ) 
Transparent fragments, obtained from the Thermal Syndicate, Lta , 
Wallsend-on-Tyne, England, were first subjected to a process of chemical 
purification for the purpose of removing grease and adherent soluble 
material Between hard steel faces the dned pieces were broken into 
smaller fragments, which were then pounded to dust in a diamond mortar 
The dust was now ground for 48 hours m a mechanically driven agate 
mortar During the first 12 hours it remains heavy and sandy, later it 
commences to fluff up and becomes progressively lighter and more 
mobile The ultimate fine product which, like “light magnesia,” slides 
from side to side m the containing vessel, was stored in flasks of hard 
glass which had been chemically cleaned Throughout these manipula- 
tions the quartz is never touched with the fingers, all precautions being 
taken to furnish clean surfaces of fracture or of attrition. 

By levigation m high-grade conductivity water the particles were 
now assorted into graded sizes The water of suspension had been sub- 

1 Hyaline thrombocytes do not aeem to east m the body flmd of Echmodermata. 

&— 2 
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jected to five distillations, twice through glass, twice through special 
stills of “vitreosil” ware in which no cork or rubber joins were used 
Before the fifth (and final) distillation a small quantity of potassium 
permanganate and sodium hydroxide was added to the distilling flask, 
m accordance with the recommendation of Kraus and Dexter(8) The 
object of this repeated distillation was to obtain water as free from 
electrolytes as possible 

The distilling flasks, provided with special necks, which rendered 
corks unnecessary, were of pyrex glass The vessels for holding the 
ultimate conductivity water or quartz suspensions as the case might be, 
were of vitreosil or of clear fused quartz All our grades of suspension 
showed Brownian movement, feeble, m the case of the coarse, and active 
in the case of the fine suspensions The complete absence of agglutination 
and the continued presence of this Brownian movement over a period 
of days on end, sufficiently attested the absence of any contamination 
with electrolytes After settling of a suspension complete dispersion at 
once occurred on shaking 

According to Stokes’ law the speed of sedimentation, V, is directly 
proportional to F, the force of gravity, and inversely proportional to r/, 
the viscosity of the dispersion medium, as well as to r, the radius o 
the particle, in accordance with the formula 

V = F/67rrir ’ 

Good agreement was found to obtain between the formula and the actual 
rate of sedimentation of the particles At 18° C particles just a litt e 
smaller than the red blood cells of the rabbit (6 5-7 p in diameter) were, 
after 1| hours, still held in the top inch of the fluid Particles measuring 
from 2 5 to 3 p m diameter remained m the top inch after 3 houra 
settling Particles less than 1 5p remamed m the top inch after 24 hours 
settling Naturally it was necessary to levigate repeatedly m order to 
obtain uniform grades of suspension Direct microscopic examination 
served as a complete check on uniformity In what follows we s a 
designate particles 6-7 p in diameter, with a calculated surface o som 
113-154 sq p, as “coarse quartz”, particles from 3 to 3 5p, wi a 
surface of some 13-39 sq p, as “medium quartz”, and particles less 
than 1 5p, with a calculated surface of 7 sq p and under, as e 

^The pomt of saturation of colloidal suspensions seems to be variable, 
the highest determination hitherto recorded being that of Z s i g m o 11 7* ’ 

who obtained a permanent suspension containing 0 12 p c of gold so 
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On the other hand, Bredigtf) gave 0 014 p c as the maximum figure for 
a gold sol On further concentration gold sols change colour, the change 
of colour indicating that agglutination has occurred In our experi- 
ments, curiously enough, we could obtain no indication that mere high 
concentration tends towards agglutination It was easily possible to 
hold 6 p c of the coarse suspension m complete dispersion for a time at 
least in the conductivity water A concentration of 2 03 p c medium 
quartz without any agglutination was obtained The fact that any single 
highly concentrated sample, after settling, could forthwith be re- 
dispersed by shaking, also proves that no effective agglutination ever 
occurred The ease with which high concentration can be obtained speaks 
for a low surface energy One might be led to suppose that the suspended 
quartz particles are surrounded by a hydrolytic layer 

Besides particles of quartz we used particles of Indian ink (already 
in finest suspension when purchased as “Pelican” brand), of barium 
sulphate and of carmine After prolonged grinding m the agate mortar 
the last two substances fluff up in the same way as quartz These other 
materials were used chiefly to check the results, for very finely divided 
quartz is not wholly insoluble If an effect due to an injection of a quartz 
suspension can be reproduced when any land of finely divided particles 
is substituted for the quartz, the conclusion is that simple particulate 
matter and not the presence of silicate m solution is responsible for the 
reaction. 

Means of securing isotonicity In some early experiments m which 
the salt constituents of buffered Ranger’s fluid were added to the pure 
quartz suspension just before use, it was found that agglutination occurs 
so quickly as to block the needle of the hypodermic syringe, while the 
injected animals die at once of a coagulation which extends along the 
vein selected for injection to the right heart and thence along the 
pulmonary artery A control experiment m which the individual salt 
constituents of buffered Ringer’s fluid were separately added in their 
appropriate amounts to supplies of the quartz suspension, showed that 
the bivalent Ca-ion is by far the most effective agglutinant An efficacious 
but somewhat tedious method of avoiding agglutination on addition of 
the salt is to take advantage of the protective action of serum proteins, 
thus Equal quantities of fresh serum and of suspension are first mixed 
together, whereupon the appropriate quantities of NaCl, KC1, CaCL, and 
NaHCO s for the amount of quartz suspensions are stirred m No ag- 
glutination occurs, the mixture being more than ever stable and slow 
of sedimentation As serum, however, contains thrombin, which is 
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objectionable, the method we ultimately adopted and consistently used 
was to add 6 p c of pure glucose to the suspension just before injection 
into mammals and 4 p c before injection into frogs By this means the 
fluid was rendered isotonic without the necessity of adding electrolytes, 
the presence of the glucose does not appear in any way to modify the 
result so far as the platelets are concerned 

Animals used and sites of injection In some early experiments 
carried out on guinea-pigs the quartz was injected into the femoral vein 
Owing to the difficulty of carrying out repeated injections, which 
necessitate anaesthesia and aseptic technique, guinea-pigs were dis 
carded in favour of rabbits, into which the material may be easily 
introduced by way of the ear vein A number of experiments were 
earned out on anaesthetised cats It soon appeared that the needle-point 
may be introduced directly into the external saphenous vein of the cat 
without previous incision of the skm By this device time is saved, while 
the anaesthetised animal runs less risk of septic infection and has, 
moreover, a shorter anaesthesia In a small number of cases frogs were 
used, the injection bemg made directly into the cavity of the ventricle 


Besults 


(a) Intravascular admixture 

Coarse quartz suspensions Our earliest experiments, when no par- 
ticular precautions were taken to protect against agglutination of the 
particles, seemed to indicate that coarse suspensions may cause coagula- 
tion, whereas fine suspensions do not On repeating the work, however, 
with particles suspended in dextrose solution, we failed to obtain 
coagulation by injection of coarse quartz Table I gives a record of 12 
experiments, ten on rabbits and two on guinea-pigs, m which amounts 


Table I (Coarse quartz suspensions ) 



Dose m grm 

C.C of flui 


per kg 

injected 

Rabbit A 

0 043 

10 

B 

0 13 

9 

„ c 

0 11 

9 

„ D 

0 12 

10 

„ E 

0 16 

10 

, F 

0 19 

11 

, G 

023 

38 

„ H 

0 25 

40 

, I 

060 

26 

J 

0 50 

25 

Guinea pig A 

0 062 

9 

„ B 

0 23 

10 


Percentage 
of qnartz m 

suspension Remarks 

107 — 

2 36 — 

2 36 — 

2 36 — 

2 66 Death in 1 day 
2 66 — 

1 87 Kill ed for examination after 

16 minutes 

4 05 Death in 3} hours 
4 05 Death m 8 hours 

0 69 — 

2 30 Death in 17 hours 
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of quartz varying from 0 04 to 0 5 gnm per kg were injected Even 
when the animals died as a result of the injection, c g rabbits I and J, 
the blood was found to be perfectly fluid. So, too, in rabbit H, which 
was killed 15 minutes after injection, no sign of thrombosis was dis- 
coverable 

Medium and fine suspensions Experiments similar to those recorded 
m Table I were earned out on many occasions with medium and fine 
suspensions (cf ElvidgetD) In no case did intravascular coagulation 
result 

(£>) Extravascular admixture 

Addition of quartz to drawn blood In the preceding experiments the 
foreign particles were added to the circulating blood We know, how- 
ever, that direct addition, even of thrombin, to circulating blood fails 
to clot it, which means that in the body tbe blood is to some degree 
protected against influences which would otherwise induce coagulation 
Consequently it was necessary to know whether admixture with quartz 
particles initiates or accelerates the coagulation of drawn blood The blood 
used in such experiments must of course be shielded from any contact 
with other watei-wettable foreign matter or with recently intermingled 
tissue-juice Frog’s blood, which is easy to handle, was first used As it 
is difficult, if not impossible, to keep mammahan blood permanently 
fluid, we employed instead (1) cooled mammahan plasma, which has 
a foil content of thrombocytes, and (2) negative phase mammahan 
plasma (prepared by repeated slow injections of dilute tissue-juice), 
which, owing to its low content m thrombocytes, clots very slowly on 
a paraffined surface (cf Burke and TaitOj) 

From one and the same frog four samples of blood, consisting of 
two drops each, were removed and preserved m a moist chamber on 
successive paraffined watch-glasses after the method described by 
Tait and Green(i6) Two of the samples (1 and 3) were kept as controls 
To each of the other two samples (2 and 4) were added two drops of 
coarse quartz dextrose suspension. Each watch-glass in turn was 
thereupon agitated for a few seconds so as to roll the blood about The 
result u as as follows 

Xo L Xo coagulation m 24 hoars. 

Xo 2 Solid coagulation in 6 min ale?. 

Xo 3 Xo coagulation m 24 hoars. 

Xo 4 Solid coagulation m 54 mmoles. 

These experiments were repeated on several occasions with sirmtn T 
findings A pinch of dry (unlengated) quartz particles dropped into 
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fluid frog’s blood on paraffin also induces prompt coagulation It is 
therefore plain that the drawn blood of the frog is induced to coagulate 
on contact with coarse quartz suspension 

By injecting directly into the ventricle we earned out the converse 
experiment of minghng coarse quartz with the circulating blood of the 
frog In order to examine for thrombosis, which does not here produce 
sudden death as it does in the mammal, we sometimes watched themesen 
tery, at other times we displaced the blood by perfusion of the vessels 
The results were not so unif ormly negative as when quartz suspension 
is introduced into the circulatory current of mammals, and we did on 
some occasions produce thrombosis At the same time both the dose 
administered and the rate of injection were relatively greater than in 
the corresponding mammalian experiments 

The effect of adding fine quartz suspension to drawn frog’s blood is 
of special interest Provided a very small quantity of the suspension is 
added, coagulation does not occur If the quantity is increased, clotting 
results The following experiments illustrate this fact 

(1) 3 drops blood + a minute drop of fine quart* suspension 

no coagulation in 2 hours and 40 minutes 
Large drop of fine quart* now added 

complete coagulation m OJ minutes 

(2) 3 drops blood + a minute drop of fine suspension 

no coagulation m 1 hour and 47 minutes. 

Large drop of fine quart* now added 

complete coagulation in CJ minutes. 

(3) 3 drops blood + a large drop of fine suspension 

complete coagulation mil minutes. 

(4) 4 drops blood + a large drop of fine suspension 

partial coagulation in 31 minutes 
complete coagulation m 30 minutes 

The simplest interpretation to put on these experiments is that the 
spmdle-cells rupture only when they have engorged an excess of fine 
particles 

The experiments on the drawn blood of mammals were just as decisive 
in establishing coagulant action as those on the drawn blood of the frog 
We shall first deal with the cooled plasma On three occasions at different 
dates three samples each of cooled mammalian plasma, procured as 
described by Tait and Burke(i5), were placed on paraffined watc 
glasses at room temperature One sample in each case acted as a contro 
To each of the other two, cooled medium quartz suspension was added 
The results were as follows 
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Exp A 

1 Plasma control dotted in 20 nnnntea." 

2 Plasma + medium quartz clotted m 71 minutes. 

3 Plasma + medium quartz clotted in B minutes. 

Exp B 

L Plasma control no coagulation m 1 hour 

2 Plasma 4 - medium quarts clotted in 12 minutes 

3 Plasma + medium quartz clotted in 10 minutes 

Exp C 

1 Plasma control clotted m 30 minutes 

2 Plasma + medium quartz dotted in 7 minutes 

3 Plasma. + dry quarts clotted in 8 minutes 

In a second senes of experiments centrifuged plasma obtained from 
negative phase blood and containing a reduced number of platelets was 
similarly treated, except that the temperature conditions were those of 
the room throughout One example will suffice for illustration 

1 Plasma control coagulation m 1 hour 

2 Plasma + medium quarts clotted m 10 minutes. 

3 Plasma + medium quarts dotted in 12 minutes. 

An interesting variation of the last experiment was to use plasma 
from blood which had been depnved of practically all its platelets As 
Burke and Tait have shown, such blood can be obtained by giving 
rapidly a minimal lethal dose of highly active tissue extract Two 
examples are given 

Exp D 

1 Plasma control no coagulation in l hour 

2 Plasma + medium quartz no coagulation in 1 hour 

Exp E 

1 Plasma control no coagulation in 2 hours. 

2 Plasma +medium quartz Elmy oosgulatlonm 15 minutes, no further coagulation. 

As proved by the firm coagulation that resulted from addition 
of tissue extract, both these samples of blood contained abundant 
fibrinogen 

The net conclusion from ad these experiments is that admixture of 
quartz particles of sufficient sire, or m sufficient amount if excessively 
fine, causes prompt coagulation of drawn blood, provided the thrombo- 
cytes are present By contrast the negative effect of mingling the same 
particles with the circulating blood is rendered more striking 
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(c) Fall in number of platelets on injection of particles 

Various workers have shown that when foreign particles are injected 
into the blood vessels of a mammal they are rapidly swept out of the 
blood stream Thus m the experiments of Tait and McCartney(i0), 
who injected Indian ink, the blood was found to be free of partaoles 1 hoar 
after injection, and so were the organs with the constant exception of 
the spleen, liver and bone marrow, and with the occasional exception 
of the lung and of the kidney It is naturally a hard matter to determine 
by simple inspection of the blood the presence or absence of quartz 
particles at any specified time after injection There is, however, no 
doubt that they are rapidly removed, because they can be detected in 
sections of liver, spleen and bone marrow at least as early as 15 minutes 
after injection 

As our object was to look for some relation between the blood plate 
lets and the injected particles, platelet counts were earned out at various 
intervals after injection It was at once rendered plam that introduction 
of quartz into the vessels causes an abrupt fall in the number of circu 
latmg platelets In this respect our findings were similar to those of 
Burke and Tait(3), who mjected cell dibns Control experiments 
showed that the effect is m no way due to injection of glucose, it is 
wholly the result of mingling foreign particles with the blood Soon after 
the initial fall the number of platelets begins to riBe and after a peno 
is again restored to normal 

For counting the platelets the method of Spitz(H) was us , 6 

blood being diluted ten times As a unit quantity of blood for enumeia 
tion we took the amount of the dilution that covered 16 squares o 
Thoma-Zeiss heematocytometer Some figures are appended re -P re " 
sending the relative number of platelets m the blood before, an 
different intervals after, injection of quartz, the experiments eing 
grouped into three sets, according as enumerations were made atinterv 
of min utes, of hours or of days respectively after injection 


Weight of rabbit, 1865 grm 
Initial count 

Weight of rabbit, 1742 grm 
Initial count 
After 3 mins 


Set L (Time m minutes.) 

Coarse quartz Dose, 06grmperkgin25oc. fluid. 

250 After 3 mins A® 

Fine quartz. Dose, 0 3 grm. per kg in 22 o c fluid. 
274 After 10 mins 28 

21 20 „ 85 


From the above two experiments it appears that whether a small 
quantity of fine or a larger quantity of coarse quartz is used, a promp 
fall in the number of circulating platelets results 
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Set IL (Tune m hours ) 

Weight of rabbit, 2460 gnfl. Fine quartz. Dose, 0 02 gnu. per tg m 20 c c. fluid. 
Initial count 125 After 3 hours 76 

Alter 3 am 27 »* 4 „ * 

„ { hour 76 


Weight of rabbit, 1742 grm. Fine quartz. Dose, 0 03 grm per kg in 22 c c fluid. 
Initial count 273 After 24 houre 165 

After 3 mins. 10 ,, >* 

,, 6 hours 120 ,, 72 ,, 

12 „ 137 


152 

157 


Weight of rabbit, 2500 grm. Fine quartz. 


Initial count 

200 

After 3 mma. 

156 

„ J hour 

180 


Dose, 0 008 grm per kg in 7 c c fluid 


After | hour 
„ lj hours 

3 * .. 


162 

170 

200 


The second experiment of the Bet shows that when a considerable 
quantity is injected recovery may stall be incomplete after 3 days In 
the third experiment, where, after a small dose, the initial fall was slight, 
recovery soon occurred. 

Set HI (Time m days.) 

Weight of rabbit 1680 grm. Medium quartz. Dose, 0 32 grm. per kg in 39 c.o. fluid. 
Initial count 200 After 4 days 98 

After 1 day 96 „ 6 „ 256 

Weight of rabbit, 2040 grm. Medium quartz. Dose, 0 17 grm. per kg in 27 r c fluid. 
Initial count 208 After 4 days 67 

After 3 mms 27 , 7 , ZOO 

„ 1 day 45 , 9 „ 256 


In these instances recovery was m each case delayed for a number 
-of dayB As other experiments have shown, the ultimate over-stepping 
of the initial figure in these two experiments is not a constant finding 
As it was possible that the blood drawn from the marginal vein of 
the ear might not be representative of the systemic blood, we earned 
out an expenment m which the samples for examination were drawn 
simultaneously from the ear vein and from the carotid artery The rabbit 
was anaesthetised with ether, its carotid artery was exposed and clamped 
with the fingers The artery was incised and a small quantity of blood 
was removed for examination Almost at the same tame another sample 
was taken from the ear vein The artenal sample showed 168 platelets 
per unit, the ear samples showed 144 per unit Of medium suspension 
0 14 grm per kg was now injected Blood removed 3 minutes later 
from the carotid artery showed 46 platelets per unit, blood removed 
almost simultaneously from the ear vein showed 33 Fifteen and 30 
minutes respectively after the first samples were taken, blood removed 
from the carotid artery showed 42 and 50 platelets per unit By this 
expenment it was rendered plain that as far as number of platelets 
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is concerned blood taken from the ear is a sufficient index of the con 
dition of the general systemic blood 

By repetition of the quartz injections the platelets can be kept at 
a low figure, but if the procedure is continued it leads to a fatal result 
Thus m one experiment, in which the initial number was 138, a pre- 
liminary injection of 0 02 grm per kg of fine quartz caused an lm 
mediate drop to 30 Thereafter the platelet figure rose, being 79 at the 
end of 1 £ hours At the end of 4 hours, when the figure was 86, another 
dose of similar amount was injected This time there was no profound 
drop, the platelet count 3 minutes later registering 82 After a lapse 
of 21 hours from the time of the first injection, the platelet number was 
found to be 48 A dose of 0 005 grm per kg was now given, whereupon 
the figure fell to 22 A fourth injection, again of 0 005 grm per kg , 
was ad mini stered 2 hours later The animal soon showed marked weak- 
ness and died 3 hours later, its blood platelet number being very low 
The results cited above refer m each case to injections of quartz 
particles Similar phenomena occur when other particles, eg banum, 
carmine or Indian ink, are substituted for quartz As the particles can 
be shown to come to rest m the spleen, liver and bone marrow, and as 
a large number of platelets disappear simultaneously with the particles, 
the presumption is that the platelets, having ingested or having adhere 
to the particles, also come to rest m the same organs It is a di c 
matter to provide conclusive proof that the platelets which disappear 
have found a resting place m these localities As some subsi ary 
evidence pointing m this direction we may mention that E S Mi s > 
wor kin g in this laboratory on phagocytosis of Indian ink by the ellipse 1 
of the spleen, finds m these organs individual aggregations of ink of t e 
size of platelets The recovery m number of circulating platelets alter 
an injection of foreign particles is, we believe, due to the appears 


of a fresh crop 

(d) Relation to coagulation 

It remains to discuss the anomaly of the first two experimental 
sections, according to which extravascular admixture determines coagu 
lation, whereas intravascular admixture, even with coarse partic e , 
not nearly so readily do so The blood in circulation must m some way 
be protected agamst a coagulating influence which, if allow c aCC6S L 
drawn blood, is sufficient to induce irreversible solidification 
probability is that a partial transformation of fibrinogen into 
occurs in the circulating blood, but under conditions that prec 
general solidification 



BLOOD COAGULATION 141 

A closely similar anomaly anses m connection with. tlie action of 
tissue extract oi “thrombokmase” Direct addition of tins material 
to drawn blood, invariably causes coagulation, yet if the substance is 
very slowly injected into a vein the circulating blood stays fluid and 
soon exhibits impaired coagulability or “negative phase” Though it 
has failed to undergo solidification, such negative phase blood, as J 
Mellanby<20) showed, has been wholly or partially defibrmated 
Mellanby’s explanation of the phenomenon is that when the kinase 
is slowly injected fibnn actually forms, but so gradually and in such 
small molecules that time and opportunity are allowed for its removal 
by means of the tissue cells If the injection ib more rapid, large cohering 
filaments form, which in turn implies a real thrombosis 

It is probable that the quartz injection, like a slow injection of 
thrombokmase, leads to transformation of fibrinogen into fibnn. Quartz, 
however, acts m a different way from thrombokmase Whereas the 
latter directly coagulates fibrinogen (see Tait and Greenaej) the action 
of the quartz is indirect It first causes cytolysis of platelets , owing to 
this cytolysis thrombin is liberated, tbe thrombin then acts upon the 
fibnnogen It is open to suppose that the process of thrombm liberation 
may occur to a considerable extent in the blood stream At the same 
time we have reason to believe that a large number of platelets, which 
have adhered and are about to cytolyse, are caught by tbe cells and other 
structures of the retaculo-endothehal system, whereby they may be put 
out of action, so far at least as power to cause generalised coagulation 
is concerned In any case, owing to its indirect mode of action, an 
injection of quartz particles must operate on fibnnogen more slowly 
than a corresponding injection of thrombokmase 

At some particular point, say, 10-20 minutes, after a single injection 
of quartz, and while abundant particles are still floating free m the blood, 
the coagulation time of the blood is found to be greatly shortened This 
can be determined by putting a needle through the drawn blood and 
noting the moment of appearance of the first thread of fibrin, which, 
at this stage, may be almost immediate 1 This striking fact supports 
the idea that thrombm is then bemg liberated freely within the circu- 
lating blood. So rapid is the formation of fibnn at this stage that we had 
difficulty m understanding how the blood keeps fluid in the vessels 
^ e judged that the animal had reached a danger-point, at which the 
vascular mechanism for counteracting thrombosis was bemg called 
into strenuous activity This m turn throws additional light on the 
difference in action between an injection of tissue extract and one of 
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quartz In the case of tissue extract the outstanding experimental 
difficulty is to inject so slowly as to avoid, at any stage, sudden over 
loading of the mechanism for counteracting thrombosis With quartz 
it is the other way about, one may approach, but one does not readily 
reach the overloading pomt 

At a later stage, say, after 40 min utes, the coagulation time becomes 
much greater than normal, and the drawn blood is slow to clot on glass 
and other water-wettable receptacles It does, however, coagulate 
8ohdly in the end, which proves that it stall contains fibrinogen The 
delay m spontaneous coagulation at this stage is no doubt associated 
with the reduction m number of platelets, and perhaps with a difference 
in physiological state of the new crop as compared with the old 

In order to discover whether fibrinogen is removed from the blood 
as a result of quartz injection, we had recourse to the refractometer At 
different stages after injection samples of blood were withdrawn These 
were divided mto two portions One was first oxalated and then centn 
fuged in order to provide plasma The other, which was left to clot, 
provided the serum The accompanying figure represents m graphics 



Graphs of refractometer readings of plasma and of serum after an injection 
of quartz partiolea 


form the result of one of these experiments The abscissa represen 
in minutes after injection, the ordinates represent the re c 
readings The upper trace shows readings of the plasma, t e ow ® r 
readings of the serum It will be seen that during the first minute th 
is m each case a sharp and equal fall of the respective refractive indices 
due to blood dilution Thereafter the course of each grap m more n 
linear During this second stage the refractive mdex of the serum 
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off slightly, probably owing to successive withdrawals of blood samples 
That of the plasma, on the other hand, falls more rapidly , at the end of 
15 minutes it registers only 0 0002 above the serum, whereas at the 
moment of injection it stood 0 0008 above the serum. This plainly 
indicates a loss of fibrinogen from the plasma 

Just as Mellanhy had to account for the disappearance of fibnnogen 
in negative phase blood on the assumption that fibrin had actually been 
formed and removed from the blood, so we have here to postulate the 
activity of a definite anti-thrombotic mechanism, as opposed to a 
material “anti- thro robin.” As Mellanby pointed out, conditions tend- 
ing towards thrombosis, e g death or injury of blood cells, axe continually 
a. n Tmg m the blood. Should the organism be unable to deal with a slow 
(or, we may add, dispersed) formation of fibrin in its circulating blood, 
thrombosis would be a continual occurrence in tbe hi e-history of animals 
We shall not here attempt to define the mechanism in question or to 
specify its conditions of operation. Suffice it to say that the reason why 
a direct injection of thrombin mto the circulation fails to cause throm- 
bosis, whereas injection of thrombokmase is effective, probably depends 
upon tbe difficulty of securing an adequate concentration of thrombm 
to overwhelm for the moment the anti-thrombotic mechanism. 

It may be mentioned that dunng the course of this investigation 
one of the authors found that injection of particles affects not only the 
number of platelets, but also the number and kind of red cells m 
circulation (see ElvidgeU)) 


SmiHASY 

1 A priori considerations seemed to indicate that an injection of 
very fine mert particles might fail to cause coagulation of the circulating 
blood, whereas an injection of coarse particles might cause coagulation. 
It was found that an intravascular injection even of coarse particles 
does not necessarily determine thrombosis 

2 Addition of coarse particles to paraffin-held, drawn blood, by 
causing cytolysis of thrombocytes, eventually causes coagulation. 
Addition of an adequate quantity of fine particles to the drawn, blood 
ot the irog similarly causes coagulation, while addition of a smaller 
quantity of fine particles does not 

3 As the result of an intravascular injection of particles a fall m 
the number of circulating platelets occurs After a heavy injection the 
fall is profound (though complete disappearance was never observed) 
an some ays must' elapse before the previous number is restored With 
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injection of a smaller amount the fall m number of platelets is less, and 
the time for recovery of the initial number is shorter By repetitions of 
the injections at intervals less than the time necessary for recovery, 
the number of circulating platelets can be kept low 

4 Admixture of particles with the circulating blood, while failing 
to cause thrombosis, nevertheless effects a transformation of fibrinogen 
into fibrin The reason why thrombosis does not occur is that the 
particular conditions of formation of the fibrin allow of a successful 
reply on the part of the natural “anti-thrombotic mechanism” of the 
circulation 

The expenses of this research were defrayed m part by a grant from the James Cooper 
Fund of McGill University for Research in Experimental Medioine 
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STUDIES ON THE INTERNAL SECRETIONS OF THE 
OVARY II The effects of injection of the cestrus 
producing hormone during pregnancy 
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( From the Department of Physiology and Biochemistry, 

University College, London ) 

I IXTEOD-CCTION 

It has been shown elsewhere (Parkes(6>) that the ordinary cyclic 
occurrence of cestrus in the adult female mouse is maintained in the 
absence of follicles and corpora lutea and hence that the length of 
the dicestrous penod in the unmated female mouse is not regulated by 
the length of the functional life of the corpus luteum of ovulation. At 
the same time, since oestrus does not occur during pregnancy or during 
lactation, it is necessary to suppose that an cestrus inhibitor action is 
set up when the corpus luteum is caused to persist’ by either of these 
events (see, for instance, Loeb(4)) The exact nature of this inhibitor 
action is not clear, but it is probably honnomc As we have pointed out 
m a previous paper(T), it is fairly clear that cestnn 1 is being constantly 
produced by the ovary, so that the cestrus inhibitor action of the per- 
sistent corpus luteum is presumably obtained by delaying the attain- 
ment of the threshold required for the production of CEStras 

In any given animal, therefore, the persistent corpus luteum must 
be capable of dealing with the amount of cEstnn produced by the ovary 
during the time when the corpus luteum is dominant, but nothing ap- 
pears to be known of the margin between the cestrus- producing stimulus 
and the cestrus-inhibitmg action of the persistent corpus luteum. 

Experiments were, therefore, designed to throw bght on t his problem 
by injections of cestnn during the functional life of the persistent corpus 
luteum, with the object, so to speak, of confron ting the corpus luteum 
with a much greater cestrus-producmg stimulus than it is normally 
called upon to deal with. Smce functional persistent corpora lutea are 
necessary to suppress cestrus during pregnancy, and also apparently to 
1 In a pre-nous paper we ha-re pointed out that the ceWrus producing hormone is not 
confined to the follicle, and that, therefore, *he term mstnn” would be preferable to 
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maintain gestation, overriding of the corpus Iuteum by an artificial 
excess of cestnn might be expected to result m the abnormal appear 
ance of oestrus and m the ter min ation of the pregnancy 

The work recorded m this paper deals with the effects of oestnn 
injections dlinng pregnancy The effect on oestrus inhibition during 
lactation will be dealt with in a later communication 

Preparation of cBslnn The preparation of oestrus-producing extracts 
from ovanes was dealt with in the previous paper, and substantially 
the same methods have been used m preparing extracts for injection 
during pregnancy In most cases the crude product, aS before, was 
emulsified with 1 p c NajCOg and tested immediately, but where it was 
required to have emulsions potent in small amounts a portion of the yield 
was emulsified and tested and the mug (mouse units per gram of crude 
yield) calculated The remainder of the yield was then emulsified with 
an amount of carbonate sufficient to produce an ernulsjon containing 
1 m u m some known small amount It has been found that alkaline 
emulsions kept for long periods tend to become less active, and the 
emulsions were, therefore, used as fresh as possible 

Detection of oestrus The detection of oestrus m mice is comparative y 
simple since Allen (l) investigated the cychc changes in the nature o 
the vaginal smear This technique, as applied to the mouse colony in 
question, has been dealt with elsewhere (5) and need not be described in 
detail here It may, however, be said that the fact that the periods o 
vaginal comification brought on artificially during pregnancy were 
normally accompanied by copulation gives further evidence of t 

reliability of this technique , 

Detection of pregnancy In the mouse the accurate detection 
pregnancy before the 9— 10th day is at present impracticable 
“placental sign” m the vagina appears at about this time (6) and carefu 
palpation of the abdomen will usually reveal the presence of the nodu es 
m the uterus From the 12th day onwards the embryos may be rea 1 y 
palpated During the first week, however, the occurrence of pregnancy 
can be assumed on a probability basis The vaginal plug, indicating 
copulation, can be readily detected, and it has been found that of fertile 
females mated with fertile males some 75 p c produce a litter following 
the discovery of the plug Since the number of litters conceived is 
undoubtedly greater than the number born, this figure may be taken 
as a conservative estimate of the percentage conceptions The following 
experiments, therefore, relating to injections in the first 9 days when 
pregnancy cannot be detected in the intact animal have been based on 



OVARIAN HORMONES 


147 


the probability that three out of four animals become pregnant after 
copulation Dunng the later stages when pregnancy can be detected, 
injections "were only made into animals known to have become pregnant 
after copulation. 

Scheme of experiments Injections of cestnn earned on over a number 
of days were begun at vanous stages of gestation. They may, however, 
be grouped into three mam penods, (a) at 2 days after copulation, when 
the corpus luteum is comparatively young and the embryos not properly 
imbedded, (6) at 3-8 days after copulation, when pregnancy can still not 
be detected with certainty, and (c) after the 10th day, when the corpus 
luteum has reached its maximum development and when any results 
may be observed on the genitalia of the young (m the absence of abor- 
tion) The effects of injection have been noted (a) by the history of the 
gestation, (b) by the nature of the vaginal smear and the re-occurrence 
of (Estrus In the normal way no comification of the vagina is to be found 
dunng pregnancy and no copulation occurs 


II Injection at the Second Day 
Since not every animal becomes pregnant after copulation, and since 
it is known that the course of gestation in the very early stages is easily 
disturbed, large-scale control experiments were first of all performed The 
percentage probability of pregnancy occurring after copulation was 
already known and, as mentioned above, was about 75 p c The effects 
of daily injection were studied by means of the following blanks (a) in- 
jection of inactive ovarian extracts 1 , (6) injection of beef extract prepared 


Table L Result of injections of inactive ovarian extracts beginning 
2 days after copulation. 


No of 
mouse 
FH 19 
FH 20 
FH 21 
FH 22 
FH 23 
FH 24 
FH 25 
FH 26 
FH 27 
FH 31 
FH 32 
FH 33 
FH 34 


Days 

injected 

16 

7 

9 

7 

8 
8 


10 


Amount 
per day 
c c. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


Results 

No litter Copulation at 18th day 
** , 9th , 

11th „ 
8th „ 
9th „ 
9th „ 
7th „ 
8th , 
8th „ 
12th , 
10th „ 
6th .. 
5th 


” om > 

> Thes- were extracts which, thongh originally oestrus producing active, had become 
prac ica y inactive (probably owing to prolonged emulsification in alkalin e media) 

10—2 
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by the same method, (c) injection of cholesterol emulsions, and (d) in 
jection of distilled water The results were as above (Table I) 

With regard to these results the following remarks may be made 

(a) Since m none of the 13 cases did pregnancy occur from the first 
copulation, it is clear that the injections had the effect of termmating 
the gestation (At least nine of these mice should have become pregnant ) 

( b ) In all cases a further period of cestrus and copulation was observed 
at varying times after the beg innin g of the injections It is clear, how 
ever, that this further period of cestrus had only an indirect connection 
with the injections, i e pregnancy having been abolished, the cestrous 
cycle started again in the normal way after the involution of the corpus 
luteum The average time elapsmg before the reappearance of oestrus 
(9 2 days) is very near the normal length of the dicestrous period after 
sterile copulation (Parkes(5)) 

(c) The normality of the cestrous period occurring after injections is 
also shown by the fact that the majority of the animals became pregnant 
as the result of the second copulation 

( d ) It seems clear, therefore, that the course of events m these animals 
was that the injections caused the pregnancy to terminate, that this 
resulted m the corpus luteum fading to become persistent and in the 
subsequent reappearance of oestrus, followed by copulation and preg 
nancy 

The exact nature of the means whereby the injections disturbed the 
pregnancy was not apparent, and further experiments were earned out 
The results are summarised below 


Table II. Effeota of various injections 2 days after copulation. 




Amount 




injected daily 

Results 


No of 

for 5-7 days 

A 

f ' 

Material injected 

animals 

0 0 

No litters Litters 

Extract of lean beef 

14 

5 

9 6 

Cholesterol emulsion 

4 

5 

3 1 

Distilled water 

7 

5 

6 2 


5 

1 

2 3 


From the results on these 30 animals it may be concluded that the 
injection for 5-7 days from the 2nd day onwards of 5 c c of fluid 
matenally lowers the probability of pregnancy becoming established, 
whereas injection of 1 c c dady does not In view of this conclusion 
it was clear that the active ovanan extracts used for injection dunng 
pregnancy should be sufficiently pure to allow of the necessary mouse 
units being injected m small amounts of fluid 
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Following llus preliminary work the following injections of cestrus- 
producing active ovarian extracts were made 

Table ILL Injection of active ovarian extracts beginning 2 days cite- copulation. 


>- 0 of 

Day 

"Volume 

Total six 

Results 

female 

injected 

per day (C.C.) 

given 

PH 79 

2 

i 

1-0 

Copulation a* 4th da- 
Co-mficition at 5th dav 

FH SO 

4 

l 

20 

Copulation at 6th day 
Connficat-cm at 5th dav 

FH 81 

5 

i 

25 

CcrmficaHon at 5 Ji dav 

FH 82 

6 

l 

3-0 

CormScation at 6th day 

FH S3 

2 

i 

1-0 

Copulation at 4th dav 

FH 84 

I 

i 

15 

Copulation a* 5th dav 

FHS5 

6 

i 

3-0 

Cn-mf cation at 5th day 

FH92 

4 

3 

40 

Copulation at 6th dav 

FH 93 

o 

3 

2-0 

Copulation at 4th dav 

FH 94 

3 

3 

3-0 

Copulation at oth dav 

FH 95 

2 

3 

1-0 

Cc-ni£cation at 3rd day 


In. these cases the daily injections were continued till copulation took 
place or until cormfication of the vaginal epithelium was observed, 
and since one or both of these happened in all cases within 6 days of 
the previous copulation it must be concluded that the doses given, m 
some cases as low as one mouse unit were sufficient to override the 
corpus Lutenm and produce a new cestrous period. That this result is 
actually due to the presence of the cestrus-prodncmg substance m the 
extract is shown by two fundamental points of difference from the 
results brought about by the mere injection of fluid 

(а) In the first seven cases the amount of fluid injected was not of 
an order which had been found sufficient to disturb the pregnancy and 
allow of a farther cestrous period to occur 

(б) The cestrous penods following the injection of active extracts 
occur much more quieklv (3-6 days after previous copulation) than do 
those occurring in the normal course of events after sterile copulation 
or after the disturbance of pregnancy by the injections of large amounts 
of fluids 

It may be concluded, therefore that the corpora lutea of early 
pregnancy can be overridden by the injection of amounts of cestnn 
represented by 1-3 mouse units, and it must, therefore, be assumed that 
the cestrus inhibitor action of tbe young corpora lutea is capable of 
dealing with only a limited oestrus-producing stimulus in addition to 
that already provided by the ovarv The induction of cestrus seems to 
lead automatically to the destruction of the embryos 

In order to ascertain whether any histological changes were brought 
about by this artificial induction of oestrus, ovaries were obtained from 
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ammals at the time of the occurrence of the induced cnstrous period Two 
possible histological effects might have been expected, (o) retrogressive 
changes m the corpora lutea, and ( b ) unusual maturation of follicles 
Histological examination of these ovaries, however, showed that little 
difference, if any, from ovaries of the same time of pregnancy was to 
be observed Certainly it appeared from the sections that ovulation 
had not accompamed the induced cestrous period, and this supported 
the deduction made from the fact that in no case did pregnancy result 
from copulation at this time 

This question of the stimulation of the follicles by cestrin inactions 
is of some importance from the point of view of clinical application. Since 
all the evidence goes to show that menstruation is the result of pseudo- 
pregnant degeneration it does not seem probable that it will be possible 
to bring about menstruation in cases of amenorrhcea as a direct result 
of cestnn injections It might, however, be supposed that injection 
would lead to stimulation of follicles and thence to ovulation and to the 
production of the corpora lutea which appear to be responsible for the 
pre-menstrual congestion of the uterus Further work is now being done 
with regard to the possibility of stimulating follicular development J 
means of cestnn injections 


III Injection at 4— 10th Day 

Control injections of extract of lean beef beginning 4-10 days after 
copulation showed that at this stage the injection of fluids does n 
materially affect the probability of copulation resulting m detectable 
pregnancy The details of the controls are as follows 


Table IV Control injections beginning 4-10 days after copulation 


No of 
female 
FH 66 
FH 67 
FH 68 
FH 69 
FH 70 
FH 71 
FH 72 
FH 73 
FH 74 
FH 5 
FH 6 


Age of 
pregnancy 
6 
6 
6 
4 
4 
7 
7 
7 
7 
10 
10 


Days 

injected 

6 

6 

6 

6 

6 

5 

6 
6 
6 
4 
4 


Amount 

per day (ao.) Resulte 

6 Autolysis discovered at 14 days 

6 Normal pregnancy 

6 
5 
5 

5 »t 

5 No pregnancy 

5 Normal pregnancy 

5 No pregnancy 

5 Litter of 7 

5 Litter of 5 


Thus of the eleven animals injected eight proceeded to nomalprcg- 
nancy, and this degree of failure to produce a litter after cop 
l9 not materially greater than that found m untreated ammals 
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Injections of active ovarian extracts, however, led to the failure of 
seven out of nine animals to produce a litter The details are as follows 


Table V 

Xo of 
female 
FH 10 
FH 11 
FH 12 
FH 13 
FHS9 
FH 4 
FH 91 
FH 1 
FH 28 


Injection of active ovarian extracts beginning 4-fi days after copulation. 


Age of Days Total >cr 
pregnancy injected given 
6 4 2-0 

6 4 20 

7 5 25 

7 5 25 

7 5 25 

9 4 2-0 

8 5 25 

10 5 2 5 

10 5 2-0 


Results 

litter of 0 
Reab'orpbon 
Litter of 7 
Xo litter 

Copulation at 13th dav 
Aborted remains at 17th dav 
Copulation at 14th dav 
Xo litter 

Xo litter Copulation at 14th dav 


Since seven out of nine of these animals failed to have litters, it 
would appear that an oestrus-producing stimulus equal to 2-2 5 mouse 
units can, m some cases, though not invariably, override the corpora 
lutea at this stage, cause oestrus to appear and terminate the pregnancy 


IV Ixxection at 11-18th Day 

Duong this stage pregnancy is definitely detectable, both by the 
vaginal smear and by palpation of the foetuses, and, since only animals 
found to be pregnant were used, no allowance is necessary for the 
normal percentage of infertile copulations In addition, a number of 
control experiments showed that large amounts of beef extract and 
cholesterol emulsion could be injected without affecting the course of 
the pregnancy The effects of injection of cestrin could therefore he deter- 
mined with some certainty m the second half of pregnancy, and the 
following table (arranged m ascending order of mouse units injected) 
shows the results of injections of various amounts at a variety of times 
Considering the delicate nature of such experiments the results 
recorded above are remarkably consistent Of the 16 pregnant animals 
receiving 2 5 and less mouse units only one failed to produce a litter ( at 
full time, and only one of the Utters bom showed abnormality (still- 
born) Anim als receiving 8 0 mouse units and over, on tbe other hand, 
were mostly affected, six out of the eight pregnancies terminating 
abnormally m abortion or re-absorption 

hfone of the animals which ultimately produced litters showed any 
vaginal sign, of ffistrus following the injections, and in no case did 
copulation take place unless accompanied by abortion or re-absorption. 
In cases where the pregnancy terminated following large injections of 
cestnn signs of oestrus were not in all cases detected, hut even if such 
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Table VI Injections of oestrrn during second half of pregnanoy 


No of 

Age of 

Days 

Total M u 


female 

pregnancy 

injected 

given 

Results 

FH 03 

18 

1 

5 

Litter of 3 at normal time 

FH 65 

15 

3 

1 5 

,, 8 

FH 3 

11 

3 

1 5 

No litter 

FH 14 

15 

4 

20 

Litter of 0 at normal time 

FH 15 

16 

4 

20 

„ 7 „ 

FH 16 

15 

4 

20 

„ 7 

FH 17 

14 

4 

20 

„ 7 „ 

FH 18 

14 

4 

20 

,, 8 „ 

FH 99 

15 

3 

20 

h 8 ,, 

FH 2 

11 

4 

20 

„ 6 at 20 days 

FH 29 

12 

8 

20 

„ 2 at normal time 

FH 30 

12 

8 

20 

n 8 ** 

FH 7 

11 

5 

25 

it 6 a 

FH 8 

11 

5 

25 

,,6 ,, 

FH 9 

11 

6 

2 5 

„ 7, stillborn 

FH 51 

14 

5 

25 

>• 4 , J 

FH 62 

13 

6 

30 

Autolysmg foetuses aborted 

FH 04 

12 

6 

30 

Foetuses re absorbed 

FH 87 

15 

3 

30 

Litter of 3 at normal time 

FH 88 

15 

3 

30 

Re absorption 

FH 77 

14 

4 

40 

Abortion and copulation 

FH 86 

14 

4 

40 

Re absorption 

FH 78 

14 

6 

50 

Litter of 11 

FH 90 

13 

5 

5-0 

Abortion of autolysmg foetuses 


signs had occurred m all cases, the vaginal debris resulting from autolysis 
of the foetuses would frequently have made detection impracticable 
One further point remains to be considered Courrier(3) has re- 
ported that injections of “folhcuhn” (oestrrn) into pregnant guinea pigs 
lead to changes m the foetal uteri similar to those characteristic of 
oestrus in the adult With a view to investigating this pomt on the mouse 
full-time foetal uteri were examined after injection of the mother The 
animals examined were from the litters of FH 65, FH 78 and FH 87, 
females which had received respectively 1 5, 5 and 3 mouse units The 
uten showed not the least difference from normals, or from each other, 


in spite of the variation m the dosage of the mothers 

The uterus of the normal female at birth is about 25 mm m dia 
meter, and the wall of the uterus, including uterine epithehum and 
peritoneal covering is some 80 p thick The uterine epithehum is for t e 
most part only one cell thick, though in odd places it may be two cel s 
The stroma is 10-15 cells thick The uteri of young from treated mothers 
showed no thickening of the epithehum or oedema, and were in every 
way identical with normals It would appear, therefore, that injection 
of the pregnant mouse with cestnn does not produce m the foetal uteri 
any changes which might be considered analogous to the oestrous changes 
in the adult uterus 
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Y Discussion 


The folio-mug are the chief results which have been arrived at and 
which need to be discussed 

(1) Injection of gastrin m sufficient amounts will always cause the 
rapid appearance of ceBtrons symptoms m the early stages of pregnancy 
and very often in the later stages 

(2) The amount required is, however, much greater (roughly twice 
aa much) in the later stages of pregnancy than m the early ones 

(3) The artificial production of oestrous symptoms during pregnancy 
is, however, incompatible with the continuation of the pregnancy 

(4) Where injections insufficient to terminate the pregnancy are 
given yonng are bom normally, the males showing no abnormality of 
sex differentiation and the females no oestrous characteristics 

From previous work (7) it has been concluded that the cyclic action 
of cEstrm is brought about by tbe periodic attainment of a threshold 
value, and that the persistent corpus luteum has the effect of delaying 
the attainment of this threshold and of throwing the cycle out of gear, 
as during pregnancy, pseudo-pregnancy and lactation In any case it 
may he said with some confidence that the persistent corpus luteum is 
responsible for the non-occurrence of oestrus during pregnancy At the 
same tune eestnn can be readily extracted from ovanes of pregnant 
animals, so that it is necessary to suppose that the oestrus inhibitor 
action of the corpus luteum exerts a dominating action during preg- 
nancy 1 The exact nature of this inhibitor action is not yet clear, but it 
ib plain that it is not localised to the ovary itself In animals where only 
one ovary ovulates at a time, for instance, the presence of a corpus 
luteum m one ovary is sufficient to stop the cestros-producmg stimulus 
of the other aa well 

The results described above suggest that tbe normal balance during 
pregnancy of corpus luteum dominance has been reversed by the in- 
jections of eestnn, and that a leas external supply is required to do this 
during the early stages than during the later stages Why this should 
he so is not absolutely clear, but the greater maturity of the corpora 
lutea dunng the last half may increase their oestrus inhibiting poten- 
tialities The problem of why the artificial induction of cestrus should 


1 The fact that during pregnancy or lactation it j» the pematent corona luteum <shvch 
exert, the influence and not the mere fact of pregnancy or Let, on perl » ah^hy the 
actjLong and Brans) that removal of the young during lactation malts first m changes 
in the corpora lutea and then in the appearance ol ceatrua 6 



154 A S PAREES AND C W BELLERBY 

invariably terminate the pregnancy is also obscure, but two suggestions 
may be made 

(a) It is possible that local disturbance of the uterus consequent upon 
the effort to assume an oestrous condition would render the position of 
the embryos untenable 

( b ) Since the oestrus inhi biting function of the corpora lutea is over 
ridden it is possible that the function relating to the maintenance of 
pregnancy is also suppressed 1 

On the whole, the latter view seems the most probable, especially 
in view of the fact that re-absorption rather than abortion is the usual 
result of oestnn injections 

These results have a possible application to medicine and animal 
breeding In cows the undue persistence of corpora lutea is responsible 
for a type of sterility which is now cured m many cases by squeezing 
out the corpora lutea per rectum It would seem, however, that the 
injection of oestnn would ovemde the inhibitor action of the persistent 
corpus luteum and as a result of this would indirectly lead to ovulation 
and to the restoration of fertility 

In the same way, a type of amenorrhoea seems to occur in the human 
subject which is due to the failure of the corpus luteum to retrogress, 
and which is analogous to prolonged pseudo-pregnancy In such cases 
the ovemdmg of the corpus luteum (assuming the oestrus inhibiting 
factor to be the same as that causing pre-menstrual congestion o t e 
uterus) by cestrin injections should lead to the reappearance o t e 
menstrual cycle 

The last point to be considered is the immunity of the foetal utsn 
to oestnn injected into the mother At first it is natural to suppose 
the sex hormones of the mother do not pass across the placenta, ot 
wise it is difficult to see how the differentiation of the male foetuses 
proceed undisturbed We have, however, secured fairly definite evi 
that osstnn at least can cross the placenta A further possibility is a , 
since foetal uten can only be subjected to a maternal injection of cestrm 
less than that required to ovemde the corpora lutea, the oestrus inhi 1 
mg action of the corpus luteum also extends to the foetus This 1 ea, 
however, implies that the foetal organism is normally under the mfluenc 

of corpus luteum secretion during gestation Probably the most re, 

able theory, in view of the very definite absence of effect on the ® 
uten of oestnn injections of the mother, is to suppose that the iceta 

> Removal of the corpora lutea during pregnancy, especially in the early stages, 
normally results in the termination of the pregnancy 
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organism is incapable of responding to cEstrous stimulation Tins hypo- 
thesis has been confirmed by the finding that the injection of 1 mouse 
unit of mstnn into new-born female young does not appear to produce 
auy changes whatever in the uten 

YI Summary 

(1) The injection of cestnn during the early stages of pregnancy 
invariably causes the rapid reappearance of oestrus and the termination 
of the pregnancy 

(2) During the later stages of pregnancy injection in sufficient 
amounts will nearly always terminate the pregnancy, but the amount 
required is much greater (about twice as much) 

(3) In cases where fitters are bom after injection of the mother 
during the later stages of pregnancy no abnormality in sex differentia- 
tion occurs m the males, and no oestrous symptoms are observed in the 
females 

The expenses of the work described in this paper were defrayed from a grant from 
the Medical Research Council. 
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MYOTHERMIC OBSERVATIONS ON THE DOGFISH 
By A V HILL (Fovlerton Research Professor of the 
Royal Society ) 


(From the Department of Physiology and Biochemistry, 
University College, London ) 


In subsequent papers Lehnartz will describe experiments on Beveral 
muscles of diff erent animals, frog, toad, tortoise and mussel, relating 
the absolute values of heat and tension for various durations of stimn 
lation It was obviously desirable to extend the range of such observa 
tions, and the opportunity was taken of a visit to the Marine Biological 
Laboratory at Plymouth to work with the muscles of the dogfish, which 
survive well after the death of the animal Two muscles of the lower jaw 
were employed, both admirably suited to myothermic experiments, 
a single muscle, coracomandibulans, and a double one, coracohyoidceits, 
of which usually only one of the pair was used The thermopile was o 
the type described in (1) Fig 1, and observations were made throughout 
in air Small dogfishes only were used In some experiments the muscle 
was left on the thermopile m air during the preliminary temperature 
equalisation in others it was left in a solution of the composition 
NaCl 34 M, Cad,. 009 M, KC1 006M, urea 34 M, until shortly before 
the readings were commenced The latter treatment seemed to leave 
muscles m rather better condition, although never so active as they w 
immediately after removal from the animal They are very easi y 
cited, a maximal contraction being obtained with the secondary 
Harvard coil removed as far as possible from the primary an 
to 45° ^2 volts m primary, tetani of various durations adjusted y 
Lucas revolving contact-breaker) The initial heat-production on y 
determined, from the deflection of a sensitive moving-magnet g 
meter, the tension developed bemg simultaneously recorded on a s on y 


moving drum 

These muscles react very quickly, and when the stimulus was P 
longed beyond 1 sec (often 0 5 sec ) the mechanical response sbowe 
signs of “ tailing off” Experiments were made only over the ra g 
within which no great “tailing off occurred 

i Recommended by Prof. A. J Clark as suitable for dogfish hearts. 
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Calibration tt &3 earned out in the dead muscle by a strong farsdic current from the 
cod liberating a known amount of heat in it. The heating effect (C^f) of this current was 
determined by passing it at the same time through a calibrated arrangement consisting 
of a resistance "wire around round the junctions of a thermopile connected to a moving-coil 
galvanometer The resistance -ff of the muscle was determined by passing the same current 
through a resistance box in senes vath the hot wire, and adjusting the box until the same 
deflection (as vrhen the muscle ’was in the circuit) was obtained on the moving coil galvano 
meter The heat liberated in tbe muscle is then RC*t joules. 

The same efiects (on heat and tension) of varying the length are 
found as in frog or tortoise (i) Preliminary trials were made in all 
experiments in order to ascertain, and work at, the length at which HjTl 
was a minimum. 

Observations were made m a senes of increasing durations of stimulus 
and were repeated in reverse order, a mean being taken at each duration 

In the first experiment given below no great “tailing off” of the 
tensions occurred with 1 sec of stimulation, and the muscle remained 
m good condition, so that a second (double) senes of readings could be 
made, agreeing well with the first 


Exp L Coracomandibulans of dogfish m air 

Room temperature 


I. Time of stimulatiou 








(seconds) 

02 

05 

10 

30 

60 

1 00 

200 

Rise of temperature 








(1/1000° C ) 

17 

21 

32 

60 

96 

13 1 

19 3 

Tension developed 








(grm. -weight) 

24 

30 

37 

45 

48 

48 

48 

BlTl 

32 

37 

40 

62 

93 

127 

1 86 

2. Tune of stimulation 








(seconds) 

02 

05 

10 

30 

60 

1 00 

200 

Rue of temperature 








(1/1000° C ) 

15 

19 

2 8 

53 

8 1 

11 1 

15 1 

Tension developed 








(gtm. weight) 

23 

29 

35 

43 

44 

45 

45 

B/Tl 

29 

30 

38 

57 

86 

1 14 

1 56 

ile&n B(Tl both senes 

31 

34 

39 

60 

90 

1 21 

1 71 

Exp 2 Coracomandib olans of dogfish in air 

Room temperature. 


Time of stimulation (seconds) 

02 

05 

10 

20 

50 

1 0 

■nfJil 


38 

40 

51 

61 

93 

130 


Ihg 1 shows the results It will he seen that for short stimuli the 
value of HjTl is between 0 3 and 0 4, slightly larger than the average 
for the frog, appreciably larger than for the tortoise, but of the same 
order of quantities as has been found in all muscles hitherto studied 
t is obvious, of course, that HjTl is not an absolute constant for muscle 
oncoming failure, or fatigue, tends 

Lehnartz will show) to lower it it 

immediately after removal from 


to raise it, the action of fluonde (as 
■s probable that these dogfish muscles 
the animal — when they certainly 



MYOTHERMIC OBSERVATIONS ON THE DOGFISH 
By A V HILL ( Fovlerton Research Professor of the 
Royal Society) 

( From the Department of Physiology and Biochemistry, 
University College, London ) 

In subsequent papers Lehnartz will describe experiments on several 
muscles of different animals, frog, toad, tortoise and mussel, relating 
the absolute values of heat and tension for various durations of stimu 
lation It was obviously desirable to extend the range of such observa 
tions, and the opportunity was taken of a visit to the Marine Biological 
Laboratory at Plymouth to work with the muscles of the dogfish, which 
survive well after the death of the animal Two muscles of the lower jaw 
were employed, both admirably suited to myothermic experiments, 
a single muscle, coracomandtbulans, and a double one, coracohyoidceus, 
of which usually only one of the pair was used The thermopile was of 
the type described m (1) Fig 1, and observations were made throughout 
in air Small dogfishes only were used In some experiments the muscle 
was left on the thermopile in air during the preliminary temperature 
equalisation in others it was left m a solution of the composition 1 
NaCl 34 if, CaCl*, 009 if, KC1 006 if, urea 34 if, until shortly before 
the readings were commenced The latter treatment seemed to leave the 
muscles m rather better condition, although never so active as they were 
immediately after removal from the animal They are very easily ex 
cited, a maximal contraction being obtained with the secondary of a 
Harvard coil removed as far as possible from the primary and tilted 
to 45° (2 volts in primary, tetam of various durations adjusted by a 
Lucas revolving contact-breaker) The initial heat-production only was 
determined, from the deflection of a sensitive moving-magnet galvano- 
meter, the tension developed being simultaneously recorded on a slowly 
moving drum 

These muscles react very quickly, and when the stimulus was pro- 
longed beyond 1 sec (often 0 6 sec ) the mechanical response showed 
signs of “tailing off ” Experiments were made only over the range 
wit hin which no great “tailing off” occurred 

1 Kecomm ended by Prof. A. J Clark as suitable for dogfish hearts. 
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Calibration was earned out in the dead muscle br a strong faradic current from the 
cod libera ting a known amount of heat m it The beating effect (Ct) of this current urns 
determined bv pseeme it at the same tune through a calibrated arrangement consisting 
of a resistance wire wound runnd the junctions of a thermopffe connected to a moving -coil 
galvanometer The resistance S of the muscle was determined by passing the same current 
through a resistance bos m senes with the hot wire, and adjnstmg the box until tbe same 
deflection (as when the muscle was in the circuit) was obtained on the moving coil galvano 
meter The heat liberated in the muscle is then ECt joules 

The same effects (on heat and tension) of varying the length are 
found as in frog or tortoise (i) Preliminary trials were made in all 
experiments in order to ascertain and work at, the length at which HjTl 
was a minimum. 

Observations were made in a senes of increasing durations of stimulus 
and were repeated m reverse order, a mean being taken at each duration 

In the first experiment given below no great “taihng off” of tbe 
tensions occurred with 1 sec of stimulation, and tbe muscle remained 
in good condition, so that a second (double) senes of readings could be 
made, agreeing well with tbe first 


Exp L Coracomandibulans of dogfish in air Room temperature. 


1. Time of stimulation 

(seconds) 

Rue of temperature 
(1/1000° C ) 

Tension developed 
(grm. weight) 

Bin 

2. Time of stimulation 

(seconds) 

Rise of temperature 
(1R000’ C ) 

Tension developed 
(grm. weight) 

BjTl 

Mean B/Tl botheenes 


02 

05 

10 

17 

2 1 

32 

24 

30 

37 

32 

37 

40 

02 

05 

10 

15 

19 

2 8 

23 

29 

35 

29 

30 

38 

31 

34 

39 


30 

60 

100 

6-0 

9-6 

131 

45 

4S 

4S 

62 

93 

127 

30 

60 

1 00 

5-3 

81 

11 1 

43 

44 

45 

57 

86 

1 14 

60 

90 

121 


Exp 2. Coracomandfbulans of dogfish m air Room temperature. 
Time of stimulation (seconds) 02 05 10 20 50 

B/Tl 38 40 51 61 93 


2-00 

19-3 

4$ 

1 86 


200 

151 

45 
1 56 

171 


10 

130 


Fig 1 shows tbe results It will be seen that for short stimuli the 
value of HjTl is between 0 S and 0 4, slightly larger than the average 
for the frog, appreciably larger than for tbe tortoise, but of the same 
order of quantities as has been found m all muscles hitherto studied 
It is obvious, of course, that H/TUs not an absolute constant for muscle ' 
oncoming failure or fatigue, tends to rrnse it, the action of fluonde (Is 

UWrtzwfflsWItoWrt It is probable that these dogfish jmedes 
u»m S dmt«Ir alter removal from tie tt ^T 
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develop greater tensions — would, if then heat-production could be 
measured, show appreciably lower initial values of B/Tl In forming 
an impression, however, of the relative constancy of H[Tl for a short 
stimulus over a wide range of muscles and conditions we must bear in 
mind that it might, a prion, have had any value from zero to infinity, 
whereas actually it always lies, in muscles in reasonably good condition, 



within the range 0 1-0 5 It is obvious that we are dealing, m dogfish 
muscles as m all others investigated, with what is fundamentally the 
same mechanism, working with approximately the same “efficiency 
As regards the rate of increase of H/Tl with duration of stimulus, 
a comparison with the curves marked 10° and 15° C m Fig 4 of the 
pape^by Hartree and Hill(2) will show a fairly close similarity between 
the present experiments on dogfish and those on frog In Fig I f° r 
comparison is given a curve roughly interpolated for 12° C (the tempera 
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ture of the present experiments) from the data of Hartree and Hill 
The curve for dogfish rises initially nearly tvnce as quickly as that for 
frog, a fact to be associated with the great speed of mo\ ement of this 
ammal’s muscles, which, when m good condition, attain their maximum 
tension even at 12° C within a few hundredths of a second of stimulation 
The rate of rise is many times as great as for the tortoise Quickness of 
contraction and relaxation appears to be associated of necessity with 
wastefulness in maintaining a tension This wastefulness causes the 
rapid onset of fatigue, and the tailing off of the tension during the longer 
stimuh In the experiments of Hartree and Hill on frog there is no 
important tendency for the H/Tf-duration curves to fall away from 
linearity m the present experiments a noticeable falling away occurs 
after about 0 5 sec It would seem probable that m the completely fresh 
muscle, if the technique allowed it to be studied, the relation would 
really be linear, and that it would tend to fall away from linearity only 
when oncoming fatigue caused a lengthening out of the individual twitch, 
and a more ready and economical summation 

Summary 

1 The heat-production has been studied in the muscles of the lower 
]aw of the dogfish, and curves made relating HjTl to duration of stimulus 

2 An optimal length (giving a minimum \alue of HjTl) exists as 
for other muscles 

3 The absolute value of HjTl for short stimuh lies within the usual 
range found for other muscles 

4 The rate of rise of HjTl with duration of stimulus is large, being 
about twice as great as m the frog and many times as great as m the 
tortoise This is to be associated with the rapidity of response of these 
muscles, and m consequence of it the onset of fatigue during a prolonged 
stimulus is rapid 

My sincere thanks are due to Dr E J Allen and to Mr C F A. 
Pantin of the Marine Biological Laboratory, for their hospitahtv and 
help I am indebted to Mr A. C Downing and 3Ir J L Parkinson 
for their assistance m these experiments 

The expenses of this research have been borne m part by a giant from the Co\ emm-nt 
C rants Committee of the Roval Society 
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the antagonism of acetyl choline 

BY METHYLENE BLUE By R P COOK 

( From the Department of Pharmacology, University College, London ) 

STBAtrB(i), after working with muscarine and atropine on the hearts 
of Aplysia and the frog, concluded that their action depended on the 
concentration of the drug around the cells and that the entrance of the 
drugs into the cells actually antagonised the action, which they pro 
duced on the surface Recently Clark(2) showed that the amount of 
action produced by acetyl choline did not appear to be proportional to 
the amount of drug taken up by the cell and concluded that two in 
dependent processes occurred when acetyl choline acted on the frog’s 
heart, viz (a) the action of the drug on the cell, probably a surface 
action, and ( b ) the entrance of the drug into the cell 

This relation can best be studied with a dye, methylene blue being 
a very suitable agent because m moderate concentrations it paralyses 
the vagus (Heymans and Maigre(S), (4)) without producing any 
injury to the heart cells In the experiments described below isolated 
hearts of Rana temporana were used They were prepared with a Straub 
cannula containing 1 c c of Ringer's solution The Ringer’s solution 
was of tne same composition as that used by Clark(2) The isotonic 
movements of the ventricle were measured. 

Methylene blue was found to antagonise the action of acetyl choline 

Table I Antagonism of acetyl choline by methylene blue. 

The table shows the percentage reduction in response of the heart produced 
by varying the concentration of acetyl choline 

Molar con 

centrations of Molar concentrations of acetyl choline 

methylene , 

blue 6 x 10-* 2 6 x 1CT 7 8 x IQ-’ 2 4 x 10“* 7 x 10-* 2 2 x 10"* 6 x 10 “* 2 x 10 


hvll 

30 

47 

67 

70 

85 

— 

— 

— * 

6 x 10~ 7 

32 

43 

60 

70 

— 

— 

— 

— 

3 x 10~* 

15 

20 

30 

63 

71 

— 

— 

— ■ 

6x10-* 





9 

21 

66 

71 

94 

— 

3x10-5 

— 

— 

— 

14 

23 

28 

60 

67 


on the frog’s heart in a manner similar to atropine Table I gives a senes 
of measurements of the effects produced by acetyl chobne m the presence 
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of varying amounts of methylene blue, and Fig 1 gives a graphical 
interpretation of these results 



Fig 1 Antagonism of acetyl choline by methlyene bine 
Action of acetyl choline (I) in absence of methylene bine (H) m presence of methy- 
lene blue 6 x 10~ 7 molar, (IH) in presence of methylene blue 3 x 1G~* molar, (IV) in 
presence of methylene blue 0 x 10~* molar (V) m presence of methylene blue 3 x 10"* 
molar 

Ordinate percentage reduction m response of heart. 

Abscissa log mo’ar concentration of acetyl choline 

The quantities of acetyl choline which produce a 50 p c reduction 
m the response of the heart in the presence of methylene bine are shown 
in Fig 2 Clark(5) showed that, when atropine and acetvl choline act 
on the frog’s heart, eqnal eSects are produced as long as the ratio 

concentration of acetyl choline 
concentration of atropine 


PH LXH, 


11 
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remains constant The curve in Fig 2 actually follows the relation that 
constancy of the ratio 

(concentration of acetyl choline) 

(concentration of methylene bine) 1 u 



Fig 2 Quantities of acetj 1 choline necessary to produce a 50 p c reduction 
m the heart s response. 

Ordinate log molar concentration of methylene blue 
Abscissa log molar concentration of acetyl choline 


leads to constant results The experiments, however, were not sufficiently 
extensive to justify any definite conclusion as to whether in the formula 


(cone Ao Cb ) 
(cone M.B y 


= constant. 


n ib unity or more than unity 

The frog’s heart is stained a deep blue with the concentrations of 
dye used in these experiments and it is not possible to wash out a notice 
able quantity of the dye with frequent changes of Ringer in several 
hours When the dyed hearts were examined microscopically the dye 
was found to be present m the interior of the muscle cells and also the 
nerve endings were deeply stained This condition remained unchanged 
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Fig 3 Heart under artificial rhythm of 20 shocks per min. 

(1) Action of acetyl choline m absence of methjlene blue Molar concentrations 
(0)5x10-* (6) 5 x 10~ T (c) 5 x 10~ * (d) 5 x 10~ 5 (e) 5 x 10”* 

(2) Methylene blue 3 x 10~ * molar and acetyl choline (a) 5 x 10" , (6) 5 x lp—* 
(c) 5 x 10~* molar 

(3) Methylene blue washed oat with Ringers solution for the following times 
(a) 1 min. (6) 7 mins, (e) 17 mins, acetyl choline 5 x 10 -4 molar added m each case 

(4) Methylene blue 3 x 10 - * molar (following 3) and acetvl choline (a) 5 x 10~* 
(t>) 6 x 10~ 4 molar 

(5) Heart washed out after 4 and then methylene bine 3 x 10~* added (a) acetyl 
choline 5 x 10 - * molar added at once after methylene blue and (t) the same 4mins 
later 


11—2 
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even after frequent washings with Ringer’s solution The staining effects 
produced by the dye were therefore practically irreversible, but in spite 
of this fact, the action of methylene blue m antagonising acetyl choline 
was found to be rapidly and completely reversible 

Fig 3 shows the action of acetyl choline on a frog’s heart after 
methylene blue had been alternately introduced and removed The heart 
during the greater part of the experiment was dyed deeply blue 

These results show that the action of methylene blue m antagonising 
acetyl choline is independent of the quantity of methylene blue taken 
up by the muscle cells and nerves, and appears to depend entirely on the 
concentration of the dye in the fluid around the cells This suggests that 


Table IL 


Rate of action of methylene blue 


Time (m mini ) Percentage re 
since duction produced 

introduction by 5 x 10— molar 

of drug acetyl ohohne 


0 

2 

5 

10 


83 

43 

19 

13 


Rate of wash out of methylene bine 

Time (in mins.) Percentage re- 
since duction produced 

removal by 5 x 10 * mol&r 

of drag acetyl choline 


1 

3 

5 

7 

9 

13 

17 


36 

43 

63 

64 
71 
73 
80 




(a) 

Fig 4 (a) Rate of action of methylene blue (6) rate of wash out of methylene «• 
Ordinate percentage reduction in response of heart when 6 x 10- molar a J 
choline was added 
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antagonism is due to the methylene bine producing some freely reversible 
surface action on the cells 

Table II and Fig 4 show the results of experiments made to measure 
the rate of action and the rate of wash-out of the methylene blue as 
indicated by the response to acetyl choline These figures show that 
methylene blue produces half its final action in about 2 minutes and that 
the abolition of action on removal of the dye proceeds at a similar rate 

Accurate measurements of the rate of adsorption of methylene blue 
by the heart were very diffi cult to obtain. 1 c c of fluid containing 
methylene blue was introduced into the heart, the amount of dye 
remaining in the fluid was determined colonmetncally, and the amount 
of dye taken up by the heart was thus estimated. The results showed 
that the concentration of dye m the heart cells was from 20 to 200 times 
the concentration in the fluid around the cells The adsorption of the 
dye proceeded slowly but was nearly complete at the end of an hour 
The wash-out of the dye, if it occurred at all, proceeded too slowly to be 
measurable 

Conclusions 


(1) Methylene blue antagonises the action of acetyl choline, and 
equal efiects axe produced by acetyl cbolrne in tbe presence of methylene 

V.l„„ _ xt. . concentration of acetyl choline , , 

Dine when the ratio - — - j n « remains constant The 

(concentration of methylene bine)' 
value of n is either unity or slightly more than unity 

(2) The heart cells adsorb methylene blue slowly and the action is 
practically irreversible 

(3) The action of methylene blue m antagonising acetyl cbobne is 
produced rapidly and is removed equally rapidly by washing out tbe 
methylene blue A heart can regain its full sensitivity to acetvl choline 
although deeply stained with methylene bine 

(4) This antagonism therefore is independent of the entrance of the 
dye into the nerve and muscle cells, the dye appears to produce its 
antagonism to acetvl choline by a freely reversible action on the surface 
of the cells 

I should bke to take this opportunity of thanking Prof A J Clark 
for the suggestions and help he has given me m this research 
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tone in these vessels at death But during a perfusion experiment it 
gradually disappears, and it is essentially with the prevention of this 
loss of tone that we are concerned It may be that changes in the tissues 
are sufficient to account for it Investigation showed that Ringer’s fluid 
perfused through the hind limbs of the cat would not maintain this tone, 
and, even if a response to histamine could be obtained when the prepara 
tion was first set up, it disappeared m a minute or two It was found 
that the fluid passing through the tissues underwent considerable change, 
a solution which entered with pH 7 4 showing a reaction of pH 7 0 or 
even less on emerging from the veins Since the presence of lactic acid 
m the perfusate was demonstrated by Hopkins’ test, the formation of 
lactic acid and other metabolites with a considerable change in the 
hydrogen-ion concentration was regarded as a possible factor concerned 
in the loss of tone 

Having regard to this, perfusions were performed using alkaline 
Ringer's solution to counteract the effect of the acids produced Their 
formation was further retarded, as mentioned above, by preliminary 
narcotisation of the animal and the injection of 1-2 c o of Nj 100 NaOH 
or saturated NaHC0 3 , spread over two or three hours to ensure the 
taking up of the alkali by the tissues The perfusing fluid had the com- 
position Nad, 0 9 p c , KC1, 042 p c , CaCla , 024 p c and the reaction 
was adjusted by adding M/5 NajHP0 4 solution in the proportion of 
40 c c to a htre of Ringer’s solution and then bringing to the required 
reaction by Mj 5 NaHjPOj solution, the quantities of which had pre- 
viously been determined The method of perfusion is described else- 
where (li) If these precautions were taken, then no difficulty was ex- 
perienced in demonstrating the dilator action of histamine several hours 
after the beginning of an experiment where the perfusing fluid has con- 
sisted merely of aerated Ringer’s solution Fluid adjusted to pH 7 6-7 7 
has been found to give the best results, and with this reaction the 
emerging fluid showed a reaction of pH 7 0-7 2, so that the reaction of 
solution through the capillaries must have been in the region of 7 4, 
that is, close to what we may imagine the normal value Fig 1 shows 
the response to histamine in a perfusion whioh had continued for more 
than an hour Here the increase in outflow also is shown by connecting 
the outflow cannula from the inferior vena cava by means of a T-tube 
to a manometer and piston recorder 

A slight change in the perfusing fluid towards acidity is sufficient to 
cause the disappearance of the response, and this is clearly shown in 
Fig 2 where histamine was dilating when the perfusing fluid was at 




Fig. 1 Showing the dilator action of hista min e one hour and a half after the commence- 
ment of perfusion. Upper tracing shows pressure of fluid entering aorta. Lower 
tracing indicates rate of flow from inferior vena cava pressure m cm. H^O The 
initial me in the curve is due to the injection. 



Fig 2 Dilator action of histamine perfusing fluid pH 7 6 At A the solution is changed 
for one of pH 7-4. There la diminution m peripheral resistance due to loss of canfflair 
tone and disappearance of dilator action. Original fluid restored at B with mereaae 
of tone and reappearance of histamine reaction. 
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2 76 ’ tkB Was chaD ged to pH 7 4 there was evidence of dila 

Sr 11 ^ COnJd n0t be obtauied > tie “P^nes having 
and hist 116 tbe ° nglnaI flmd was restored tone was recovered 

oenn^IT 6 T ga ™ lt3 reactl0n K dann g tte course of an ex- 
,, , 6 Cap ^/T t0ne baS ^appeared then it may be restored by 
smaU additions of Nf. 100 NaOH, or NaHC0 3 eolation to the perfusing 
fluid, by injection through the tubing near the cannula, when an in 
creasing peripheral resistance is built up by the alkali and then the 

ator effect of histamine is able to show itself This is illustrated in 
big 3 



Fig 3 Increased tone built up by the addition of alkali. Partially relaxed by histamine 
but an increased action remaining 


This restoration of tone is, however, usually of the most temporary 
and evanescent character, a fact which may be taken to indicate that 
alkali supplied in this way is very rapidly neutralised by the acid sub 
stances produced by the tissues and washed away in the perf usin g fluid 
We shall see below that continuous perfusion with strong alkab, on the 
other hand, although possibly causing capillary tone brings about suen 
arterial change that capillary dilatation, if present, cannot show itself 
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Herein appears to lie the importance of previous treatment of the animal 
so as to delay post-mortem changes, since it makes it possible to perfuse 
the capillaries with a solution which will ]ust bring back this tone 
without causing any appreciable effect on the artenes 

The diff erence in this method and the precautions previously found 
necessary may then be briefly emphasised No hormonal substances 
have been introduced, neither has the viscosity nor the oxygenation of 
the perfusing fluid been specially considered The results may be ex- 
plained as due to the prevention ot hindering of the action of lactic 
and possibly carbonic acid. 

It is interesting to observe that the capillaries of an animal which 
has died of acapmc shock retain their sensitivity to histamine if perfused 
with an alkaline Ringer’s solution of pH 7 6 This may readily be con- 
sidered to be due to the alkalosis which results from the over-ventilation 
and the general slowing of metabolic processes caused by the Bhock 
That such slowing does occur is suggested by the fact that in persons 
dying from haemorrhage the onset of ngor mortis is delayed 

The third possibility, that the capillaries m Borne circumstances may 
not be able to show this response because of intense arterial constriction, 
has a certain amount of evidence m its support It has been noted that 
immediately after death there is intense constriction of vessels If 
artenes be isolated this constriction may, according to McWilliam, 
last for several days 



F*g 4. Histamine action increased after artenal dilatation with acetyl choline. At A 
005 mgm histamine Later at C the reaction has been increased following the 
dilatation due to acetyl choline at B 


In the present experiments it has been noticed not infrequently at 
the beginning of a perfusion experiment or later, if a very alkaline 
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solution is being perfused, that no dilator effect of histamine can be 
obtained unless an arterial dilator has been previously injected The 
arterial dilator may simply cause the histamine response to be greater 
(Fig 4) The dilators used have been acetyl choline, small amounts of 
lactic acid and sodium nitnte The effect of these arteno-dilators has 
not been to reduce the peripheral resistance permanently but only 
temporarily The capillaries have then been more readily dilated by 
histamine, a result which we may presume has been brought about by 
a more adequate neutralisation and flushing of these vessels during the 
temporary arterial dilatation 

Discussion The above results show clearly that it is possible by 
simply paying attention to the acid-base equilibrium of the tissues and 
the perfusion fluids, to maintain, in isolated tissues, a condition of tone 
which is relaxed by histamine In view of the known action of this 
drug it may be presumed that the tone concerned is that of the capil- 
laries It is, however, significant to observe that the point at which 
tone is maintained is appreciably on the alkaline side of absolute 
neutrality This point we purpose describing as the point of “functional 
neutrality” and is, we believe, approximately at the hydrogen-ion con- 
centration of the blood 

It has also been seen that in studying the reactions of isolated vessels 
it is important to consider not only the reaction of the perfusion fluid 
but also the rate at which acid products are formed by the tissues con- 
cerned We beheve that many of the diverse results which have been 
obtained in relation to the investigation of drugs have been complicated 
by this factor and it seems most probable that the selective action of 
certain drugs may be ultimately dependent on these facts Since we 
know from the work of Hoskins, Gunning and Berryfl2), Hartman 
and Fraser(i3), that adrenaline in a given concentration may dilate the 
vessels of muscles and constrict those of the skin, and since we may 
presume that acid is more rapidly produced m muscles than m the skin, 
it seems reasonable to suppose that this apparently differential action 
of adrenaline is due to differences m the hydrogen-ion concentration of 
the regions concerned 

It is obvious, too, that where a closed system has been used m per- 
fusion experiments or in the heart-lung preparation there must be a 
considerable alteration in the condition of the experiments as they 
proceed unless adequate steps are taken to buffer the fluids concerned 

An appreciation of these points throws considerable light on the 
results of Dale and his co-workers on this subject It is evident that 
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the importance of adequate oxygenation lies not only in the supply of 
oxygen to maintain life, but is also closely related to the oxidation of 
lactic acid as it is formed It is possible, too, that the addition of blood 
corpuscles to the perfusion fluid, which was emphasised by Dale and 
Richards , not only increases the viscosity of the fluid but also increases 
its buffering 

To what extent the general results given in this paper are related 
to the nervous and hormonal control of the capillaries will be made the 
subject of further investigation hut meantime it appears evident that 
there exists m the variability of the acid-base equilibrium of the capil- 
laries a mechanism which can regulate the blood supply of the tissues 
concerned according to then activity 

Summary 

Experiments are described which show that the maintenance of 
capillary tone as demonstrated by the response of these vessels to hista- 
mine is under the control of a simple acid-base equilibrium. 

The expenses of thiB investigation were m part defrayed from a giant from the Govern 
ment Grants Committee of the Royal Society 


REFERENCES 

(1) Severmi Ricerche snlla innervazione dei vasi sangmni. Perugia. 1878 

(2) Roy and Brown This Joum. 2 p 323 1879 

(3) Krogh Ibid. 52. p 457 1919 

(4) Hooker Amer Joum. Physiol. 46 p 591 1918 

(5) Krogh and Harrop This Joum. 54, Proc. Physiol. Soc. 

(6) Dale and Richards Ibid. 52. p 110 1918. 

(7) Dale and Burn Ibid. 61 p 185 1926 

(8) Hemingway and McDowall Ibid. 61 Proc. PhvsioL Soc. p vl. 1926 

(9) MacWilham Proc. Roy Soc. 70 p 109 1901 

(10) Hooker Physiol. Reviews, 1 p. 133 192L 

(11) Hemingway This Joum. 6L 1926 (In the Press.) 

12) Hoskins, Gunning and Berry Amer Joum. Physiol. 41 p 613 1910 

13) Hartman and Fraser Ibid. 44. p 353 191" 



THE R6LE OF THE PHOSPHATES IN CARBOHYDRATE 
METABOLISM IN SKELETAL MUSCLE Part II A 
comparison between the muscles of normal, fatigued 
and depancreatised animals 

By FLORENCE BEATTIE and T H MILROY 

(From the Departments of Physiology and Biochemistry, 

Queen’s University, Belfast ) 

In our earlier paper (l) dealing with, this subject the muscles of normal 
animals were compared with those from animals subjected to the action 
of adrenaline, insulin, and adrenaline plus insulin, attention being 
directed specially to the synthesis of the hexosediphosphate The 
amount of the pre-existing and of the added precursors of the ester 
(glycogen and phosphoric acid) which can be synthetised m the presence 
of the fluonde anion by minced normal muscle may be taken as a standard 
of efficiency, so far as one lmk in the chain of the carbohydrate trans 
formations in the muscle is concerned Under normal conditions within 
the muscle the bound phosphate remains at a fairly constant l eve > 
although the ester may be readily broken down by fatigue (Embden an 
Jost(2), Andrews(3)), or m the condition of rigor mortis (DeutickeW) 
This constancy is undoubtedly due to the fact that the compoun 
appears as an intermediary m the transformation of glycogen to ac 1 
acid, and as this process is a reversible one, its concentration is eter 
min ed by the balance struck between the hydrolytic and the synthetic 
processes While the glycogen content of skeletal muscle may show wi e 
variations even in well-fed bats, say from 0 5 to over 1 p c , the amoun 
of the bound phosphate m the normal muscle, as a rule only vary wi 
quite a narrow range, say from 0 18 up to 0 22 p c Under t e ac i 
of insulin there may be, and indeed there usually is, an increase in 
amount of bound phosphate, but even were such an increase not detec 
able on analysis, one cannot conclude that the process of esten ca 
has not been aided by this hormone as the transformation rate throng 
the later stages leading to the partial combustion of the glucose may 
be quickened In order to detect whether the esterification process it sell 
has been altered during some disorder of carbohydrate metabolism, the 
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method of chec king both hydrolysis of the ester and also oxidation by 
the use of the fluoride anion has been made use of E mb den and his 
school have drawn attention to the marked synthetic effect of this 
anion, giving rise to a very great decrease in the concentration of the 
free inorganic phosphates Not only is such the case but the normal 
muscle of the cat can synthetase m addition large quantities of added 
phosphate, if a sufficiency of glycogen be supplied One may therefore 
determine the optimal capacity for esterification of the muscles of the 
normal a nim al, and if t his be found to be fairly constant under certain 
fixed conditions, it may be used as a standard with which the muscles 
of animals suffering from various disturbances in carbohydrate meta- 
bolism may be compared If the hexosediphosphate be an essential link 
in the chain of carbohydrate transformations in the active muscle, it is 
necessary to gam as much knowledge as possible of the conditions under 
which the combination between glycogen (the precursor of the hexose) 
and phosphate is most readily brought about, and also of the conditions 
which interfere with the esterification The fact that the synthetic 
process under fluoride takes place with a concomitant disappearance of 
glycogen and a check in lactic acid formation shows that one stage, and 
one alone, in the cycle is being dealt with This synthetic process is 
seriously interfered with if there be traces of metallic impurity (copper) 
m the distilled water, and in our opinion it is advisable to use tap-water 
to make up all the solutions with which the minced muscle is brought 
into contact 

Throughout the course of the investigation the normal cat’s muscle 
was analysed frequently and the effects of variations m the nutntii e 
condition, as well as the effects of sbght and prolonged stimulation were 
also studied in order that a knowledge of the specific effects of depan- 
creatisation might be compared witb those resulting from a simple 
lowering m the muscle glycogen store The differences between the 
muscles of the normal and depancreatised animals were studied m the 
following ways 

I The amounts of phosphoric acid, glycogen, and lactic acid were 
determined m the muscle immediately after removal, the so-called 
“ existing condition ” 

II The “breakdown process,” when the min ced muscle was kept in 
2 p c bicarbonate solution at 45° C for two hours, was investigated. 

III The “synthetic process,” as it occurs when the fluoride acts upon 

the intrinsic constituents, without further addition of the components 
of the ester , and v 
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IV The synthetic action on the pre existing plus added precursors 
of the ester (glycogen plus phosphate) were also studied 

In addition to analyses of the free phosphoric acid, glycogen and 
lactic acid, under these various conditions, the blood sugar and the liver 
glycogen were also determined whenever necessary The methods 
employed for the analyses were those described m the earlier paper 
The pancreas was removed m its entirety by one of us (T H M ) in 
more than twenty ammals m the following way The glandular substance 
was cauterised lightly m the first place and, after tying the ducts, the 
gland substance was broken down carefully with small portions of stenle 
gauze and removed, leaving the duodenal circulation as far as possible 
intact After removal, any small particles of gland substance on the 
duodenal wall and along the course of the vessels were carefully cauterised, 
and finally, when all bleeding had ceased, the duodenum was carefully 
wrapped round with the omentum which was held in position by a few 
catgut stitches The ammals recovered perfectly and immediately after 
the operation moved about freely They were kept warm and given hot 
milk and water at the outset, and whole milk during the rest of the 
period There were no signs of sickness The muscles were examined 
after varying periods, from one to ten days after the operation 

The degree of disturbance produced m the muscle did not appear to 
bear a quantitative relationship to the interval allowed to elapse between 
the operation and the removal of the muscle, nor to the degree of 
hyperglycemia produced In almost every case, even after a short 
period, the liver glycogen had fallen to a low level (0 1 p c and under) 
while the muscle glycogen was much more resistant, rarely falling below 
0 2 p c , the average value in normal ammals bemg about 0 6 to 0 7 p c 
To avoid repetition, the results obtained for the normal well-fed 
animal’s muscles will m each case be compared with those found after 
starvation, stimulation and pancreatectomy The average results 
obtained for the normal well-fed animal differ m certain respects from 
those given m the earlier paper, and since these were derived from a 
much larger senes of experiments which were earned out dunng the 
course of the work embodied m this paper, they are more suitable for 
companson 

I The existing condition in the muscle ( adductors ) 

1 Isormal well-fed animal The liver glycogen vaned usually 
between 3-6 p c , the blood sugar (under light ether anaesthesia) averaged 
0 15 p c 
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Analyses of muscle constituents 

(а) The glycogen percentage ranged from 0 5 to 1 (a' erage 0 64 p c ), 
the store rarely f allin g to the lower level even when the liver glycogen 
in the less well-fed animals had fallen to 1 p c or under 

(б) The lactic acid vaned from 0 075 p c to 0 25 p c , the average 
being 0 117 p c The higher values were obtained with a ery excitable 
muscle which also showed more active synthesis under fluonde 

(c) The free phosphate concentration is the most constant and 
appears to be independent of the nutritive condition of the animal 
Per gramme muscle the average content was 2 91 mg H s PO t , with a 
range from 2 59 to 3 38 

The value of the bound phosphate will be given under the breakdown 
process 

The averages referred to above were obtained from a senes of twenty 
normal animals 

Two types of normal animals may be compared, both well-fed but 
differing greatly m their liver glycogen. 


Table L 



I 

n 


p.C. 

pc. 

Liver glycogen 

5 240 

1-00 

iluscle glvcogen 

0-530 

0-48 

Free phosphate (H,PO,) 

0-260 

0-31 

Lactic acid 

0-0S5 

0-24 


A. high muscle glycogen, low free phosphate, and low lactic acid 
often are indications of less excitable muscle The bound phosphate in 
I was also much higher (0 222) than in II (0 187) Evidently the former 
offered greater resistance to the natural breakdown process which 
accompanies the mincing of the cooled muscle 

2 The starved animal 

(а) The muscle glycogen percentage after 3-4 days’ starvation never 
fell below 0 2 and after a shorter starvation period (2 days) it remained 
about 0 5 

(б) The lactic acid average percentage was skghtly over that found 
in the well-fed animal, namely 0 15 

(c) The free phosphate average value was the same m both. 

3 The effects of stimulation of the muscle on the existing condition 
will be dealt with more fully m another communication, hut an example 
of the effect of prolonged stimulation may be given Table II gives the 
values obtained for the gastrocnemius muscle where the sciatic nerve on 
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one side was stimulated for two hours by slow interrupted faradic 
stimulation 

Table LL 


Stimulated Urmtimolated 
p o. p o. 

Glycogen 0 024 0 641 

Free phosphate (H,P0 4 ) 0 357 0-282 

Lactio acid 0 221 0 057 


The rise in the free phosphate was naturally due to the breakdown 
of hexosediphosphate When the stimulation was for a much shorter 
period, 10-15 minutes, the glycogen always fell slightly with an accom- 
panying slight lactic acid rise, while the free phosphate remained 
practically unaltered 

4 The depancreatised animal 

(а) Glycogen The liver glycogen even after two days was usually 
brought down to a very low level (0 1 p c or under), while the muscle 
glycogen, although it might fall from 0 6 to 0 12 p c within two days, 
was usually maintained at a much higher percentage, for example 0 3, 
even after six days had elapsed smce the removal of the pancreas and 
with a blood sugar of 0 42 p c 

(б) Lactic acid As in normal muscle there is a wide range of variation, 

but m the depancreatised state the original value is often much lower 
than is ever found m the normal muscle, 0 05 p c and under The 
exceptionally low values are found m cases where the bound phosphate 
is diminished, while the higher values (0 1 p c or slightly over) are met 
with in cases where, if any phosphate diminution has occurred, it has 
done so at the cost of the free form 

(c) Free phosphate The average percentage is slightly higher than 
in normal muscle, namely 0 308 p c (range from 0 259 to 0 377) 

H The breakdown process 

1 In the normal well-fed animal’s muscles 

(а) Glycogen practically disappeared entirely 

(б) Lactic acid reached on an average 0 5 to 0 6 p c although in 
some cases with an original high glycogen value, a greater production 
was met with A lower maximal acid production (0 4) was met with in 
certain cases where the original lactic acid value was low, and the 
muscle fairly well stored with glycogen 

(c) Free phosphate The increase in free phosphate produced by 
hydrolysis was derived from the originally bound form and amounted 
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on an average to 0 188 p c Of the total phosphate present m the normal 
muscle 36-40 p c was m the bound form 
2 In the starved animal 

(a) Glycogen disappeared, as always occurs during hydrolysis 
(| b ) Lactic acid production reached as an average mammal value 
0 5 to 0 6 p c , which was in part derived from the original small glycogen 
store, and in part from the lactacidogen. 

(c) The increase in the free phosphate was the same as in the well-fed 
animal, the hexosediphosphate thus being present in the same amount 
in both An example of the breakdown process in the starved animal’s 
muscle will show the nature of the changes produced 

Table UL 

HjP 0 4 Lactic acid Glycogen 
pc, pc. pc. 

Original condition 0 313 0*139 0 234 

After hydrolysis 0 540 0*612 — 

During the hydrolysis, per gramme muscle, over 4 mg lactic acid 
have appeared, 2 mg of which could have been supplied by the glycogen 
and 2 mg from the hexosediphosphate 

3 The stimulated muscle After prolonged stimulation (2 hours), 
hydrolysis produced very little further change as the glycogen and the 
hexose diphosphate had both reached a low value Thus m the case of 
the muscle referred to in Table II the lactic acid showed no further 
inorease while the free phosphoric acid value rose from 0 357 to 0 422 p c , 
corresponding to a lactacidogen phosphoric amdvalue of 0 065 p c When 
the stimulation was of very short duration (10-15 mins ) the existing 
condition of the muscle was found to be the same on the stimulated as 
on the unstimulated side, and therefore hydrolysis brought about tbe 
same changes in botb sets of muscles When stimulation was rather 
more prolonged the glycogen and the hexosediphosphate percentage in 
the muscle gradually fell and the lactic acid rose, so that on subsequent 
hydrolysis the lactic acid and free phosphoric rise showed a smaller 
increase than m the case of the normal rested mnscle 

4 After pancreatectomy The breakdown process showed certain 
variations which indicate that there are at least two different types of 
muscle met with after pancreatectomy In these types both the break- 
down and synthetic processes differ The first type is met with m animals 
m very good condition, apart from the high blood sugar and low liver 
glycogen There is no appearance, so far as the general behaviour and 

12—2 
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muscular movements are concerned, of any departure from the normal 
Three examples of the breakdown process m this type may be given 
In (a) the muscles were examined 24 hours after removal of the pancreas, 
in ( b ) after 48 hours and in (c) after 75 hours , 

Table IV 



HjPO* 

Lactic acid 

Glycogen 

Blood sugar 


pc 

pc 

pc 

pc 

(a) Before hj drolysis 

0 314 

0 03 

0 271 

0-32 

After hydrolysis 

0 487 

054 

0 03/ 

(6) Before hydroljsis 

0 308 

0 03 

0 441 

0-47 

After hj drolysis 

0 400 

0 66 

0-04/ 

(c) Before hydrolysis 

0-318 

0 18 

0 371 

0-36 

After hydrolysis 

0 493 

0 51 

-/ 


In all the specimens the hexosediphosphate, as determined from the 
increase m free phosphate on hydrolysis, and the glycogen are below the 
normal The increment in lactic acid is the same as would occur on 
hydrolysis of normal muscle 

The other type is mainly characterised by a small lactic acid increase 
during the breakdown process The animals were more lethargic than 
those of the other type, one (C^) dying suddenly under ether just as the 
blood was being withdrawn 

Five examples of this type will be given 

Table V 



H,PO, 

pc 

Lactic acid Glycogen Blood sugar 
pc pc. pc. 

Time depan 
creatised 

(a) Before hydrolysis 
After hydrolysis 

0 297 

0 459 

0 09 
0-32 

0 566 

| 0 27 

48 houre 

(6) Before hydrolyms 
After hydrolysis 

0 377 

0 401 

0 09 

0 27 

0 379 

1 0 29 

4 days 

(c) Before hydrolysis 
After hydroly sis 

0 287 

0 455 

0 05 

0 17 

0 488 

1 0 35 

2\ „ 

(d) Before hydrolysis 
After hydrolysis 

0 313 

0 477 

0 14 

0 37 

0-472 

0 204 

j 0 25 

4 „ 

(e) Before hydrolysis 
After hydrolysis 

0 335 

0 471 

0 15 

0 35 

0 482 

0 208 

| 0 38 

2 „ 


These five cases, and there were many more of the same type, show 
the following peculiarities in the breakdown process There is a distinct 
diminution m the amount of phosphate set free by hydrolysis and 
hence a lessened lactacidogen content The increase in lactic acid is 
extremely small and can nearly, or m one case altogether, be accounted 
for by the hexosediphosphate breaking down with only a small portion 
derivable from the glycogen 
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The ongmal glycogen content of the muscle, even four days after 
removal of the pancreas, has remained at a fairly high level As vail be 
seen later, the svnthetic processes in these muscles have been very 
seriously interfered with in most cases The glvcogen after hydrolysis 
was onlv det ermin ed in the last two, because nnfortunatelv it was taken 
for granted m the others that it would have disappeared entirelv but 
in the two mentioned there was still a fair amount of glycogen present 
so that the dimin ution in lactic acid production can be partly explained 
m this way 

TTT The synthetic process under jiuonde as it affects 
the mtnnsic precursors of the ester 

1 In the normal ammal m good condition. Three examples wdl be 
given, chosen because of the differences in the glvcogen store m the 
muscle The amounts of the free phosphate, lactic acid and glvcogen 
before (A) and after (C) the action of the fluonde will be given 


Table YT. 



ft, 1*0, 

Lactic acid 

Glvcogen 


p-c. 

p.c. 

p.c 

(1) A 

0-309 

0 212 

0-451 

C 

O-OSo 

0-129 

0-051 

{%) A 

0-29G 

0-252 

0-711 

C 

0-051 

0-191 

0-350 

(3) A 

0-2S1 

0-145 

1 300 

C 

0-010 

— 

1-000 


Per gramme muscle m (1) 2 24 mg have been synthetised out of 
3 09 with a consumption of 4-05 mg glycogen along with a decrease of 
1 13 mg lactic acid, m (2) 2 45 mg out of 2 96 with a consumption of 
3 55 mg glycogen and a decrease of 0 61 mg lactic acid m (3) 2 41 mg 
have been synthetised out of 2 81 and 3 mg glycogen have disappeared 
The lactic acid m this muscle was not determined after synthesis Of the 
intrinsic free phosphate, between 72 5 and 85 7 p c has been svnthetised 
and during this synthesis lactic acid formation is not only checked but 
there is also a disappearance of the acid while an amount of glvcogen 
has been consumed which is more than sufficient to supplv the carbo- 
hydrate component of the ester formed. 

The best synthesis has occurred when the glvcogen consumption has 
closely followed m amount the removal of the free phosphate 

The e5ect of impo-enshment of the muscle glvcogen store on the 
svnthetic process will now be referred to 
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2 After starvation for four days (two examples) 


Table VjJL 


H.PO, 

Laotio acid 

Glycogen 

pc. 

pc. 

pc. 

0 293 

0 209 

0 486 

0 058 

0 190 

0 367 

0 313 

Lost 

0-234 

0 081 

0 139 

0 130 


In (1) the muscle glycogen store was practically the same as in one 
of the well-fed animals 

In (1) 2 35 mg ont of 2 93 and in (2) 2 32 mg out of 3 13 were 
synthetised by 1 gm muscle with a consumption only of 1 19 mg 
glycogen m (1) and of 1 04 mg m (2) 

Less glycogen has been consumed than would be required for syn- 
thesis of the hexosediphosphate From some experiments dealing with 
the time factor in this synthetic process there was evidence of a synthesis 
of glycogen under the action of finonde It is probable therefore that, 
for the synthesis of the hexosediphosphate, glycogen formation during 
the esterification process is required As has been shown by Embden, 
the sugars, as such, cannot replace glycogen m facilitating synthesis 
3 The effect of stimulation of the muscle on the synthetic process 
If the stimulation is brief and does not result in a distinct decrease in 
the muscle glycogen store, the synthesis of the intrinsic precursors is as 
good as in the unstimulated muscle Three examples of the effect o 
stimulation will be given 

Table VIII 


(„) A 


H,P0 4 Lootic sold 

pc. P 0 

0 278 0 169 

0 023 — 

25 minutes’ direct stimulation of exposed muscle 

(ii) A 0 279 0 330 

C 0 093 — 

35 minutes stronger direct stimulation of exposed muscle 

(c) A 0 367 0 220 

C 0 314 0 210 

2 hours’ stimulation of sciatio nerve until gastronemiuj showed 


Glycogen 
pc 
1220 
0 980 


0 162 
0-033 

0 024 
0-054 

marled fatigue 


With progressive diminution in the glycogen store the syntbe ic 
process deteriorates, but even when it is lowered to 0 152 p c one gm 
muscle can still synthetase 1 86 mg out of 2 79 mg B 3 P0 4 “ 0 

that this quantity of phosphate should be changed to the hexos - 
diphosphate form, at least 1 52 mg glycogen would be required, an 
slightly less than this, 1 19 mg have been used up In the first examp 
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the glycogen store in the muscle at the close of stimulation was very 
high and the synthesis was extremely good, 2 55 mg out of 2 78 with 
a consumption of 2 4 mg glycogen, while 2 09 mg would have, theo- 
retically, been sufficient 

In the last example where fatigue had set in after the prolonged 
stimulation, the muscle glycogen store was practically exhausted and 
after the synth esis the amount had apparently risen slightly, although 
0 43 mg H 3 P0 4 had been synthetised out of 3 57 The glycogen values 
are however too low for accurate estimation In all three cases the 
amount of glycogen which disappeared during the synthesis of the ester 
was small, and in the last two examples carbohydrate other than the 
original glycogen must have been used for the synthesis It certainly 
appears as if the synthetic process is governed not only by the amount 
of the components of the ester available but also, in accordance with the 
view of Embden, by the effect produced on the enzymatic process by 
changes in the colloidal intrafibnilar mechanism 

4 The effect of pancreatectomy on the synthesis of the intrinsic 
precursors of the ester The effect was, m general, a diminution m the 
synthetic power This diminution was not due to the exhaustion of the 
carbohydrate stores, as these were usually no more depleted than in the 
muscles of starved animals The deterioration was most marked m the 
cases where the original lactic acid value was low and where, on hydro- 
lysis, the total lactic acid production and the free phosphate increase 
were smaller than m the muscles of normal animals Thus a muscle m 
which the breakdown process was interfered with showed a disturbance 
also in the synthetic process while m cases where the former differed 
but Bhghtly from that of the normal animal the latter also approached 
the normal type Two types of muscle m the depancreatised animal 
then are met with both as regards hydrolytic and synthetic changes 
The synthetic changes in the intrinsic components will he given for the 
two types 

The best type which approaches closely the normal (the breakdown 
process m which is given m Table IV) is shown in the following examples 

Table EC. 



H,PO« 

Glycogen 


p-c. 

P-« 

(a) A 

0-314: 

0-270 

C 

0-071 

0-180 

(6) A 

0-30S 

0-441 

C 

0-056 

0-098 

(e) A 

0 318 

0-378 

C 

0-072 

0-17 
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The synthesis is as good as in normal animals so far as capacity to 
synthetase the intrinsic free phosphate is concerned. In ( b ) and (c), but 
not in (a), the glycogen consumption is sufficient for esterification 
Examples of the second type in which esterification as well as the 
breakdown process has been interfered with will now be given (the 
breakdown process is given m Table V) 



Table X. 



h,po 4 

Glycogen 


po 

p 0. 

(a) A 

0-297 

0-G65 

C 

0 139 

0109 

(6) A 

0-377 

0-379 

C 

0 170 

— 

(c) A 

0 287 

0 488 

C 

0 284 

0 342 

(d) A 

0 313 

0-472 

C 

0 096 

0 250 

(t) A 

0 335 

0 482 

C 

0 147 

0 300 


The lactic acid production under the fluonde was checked m all the 
specimens The phosphate synthesis was much worse than m the 
normal muscle In (c) there was practically no synthesis, m (a), (b) and 
(e) between 52 and 56 p c , and m (d) 67 p c of the intrinsic phosphate 
was synthetised The glycogen consumption was sufficient to cover 
synthetic requirements In (c) where synthesis was practically absent 
there must have been a senous disturbance m the muscle colloids 
associated with the enzymatic process, as there was a fairly high glycogen 
store m the muscle, a small amount bemg used up under the action of 
the fluonde without beneficial eflect 

IV The synthetic process after the addition of glycogen and phosphate 
From the earlier work it had been found that the normal muscle was 
capable of synthetismg a larger quantify of phosphate than was origin 
ally present and that this synthesis was greatly improved by adding 
glycogen as well as phosphate 

In all cases examined the amount of the intrinsic plus added pbos 
phate was approximately 13 mg (stated as H 3 P0 4 ) per gm muscle, 
sufficient glycogen being added to synthetise completely this quantity 
As in all cases, the lactic acid production, even with the excess of glycogen 
and phosphate, was completely checked, it is not necessary to give the 
amounts of this acid before and after synthesis 

The glycogen (intrinsic and added) was almost completely removed 
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during the estenfi cation. The amount of phosphate synthetised was 
always of the same order, the disappearance of the added free phosphate 
being most complete in those cases where the intrinsic phosphate and 
glycogen had been most efficiently estenfied The results may be given 
in condensed form 

1 One gm min ced muscle taken from an animal in good condition 
will synthetise on an average 11 5 mg out of 13 mg H 3 P0 4 , the phos- 
phate being present m the form of Na s Mi J 0 4 The lowest values are 
slightly over 10 mg and the highest slightly over 12 mg 

2 The average synthesis m the case of muscle from a starved 
animal is approximately 10 out of 13 mg In both cases a sufficiency of 
glycogen disappears for the formation of the hexosediphosphate 

3 After stimulation of the muscle for a short time (10-15 mins ) the 
synthesis is quite as good as with the unstimulated muscle, in certain 
cases rather better, but, wben tbe stimulation is prolonged and the 
intrinsic glycogen store brought down to a low level, the simple addition 
of glycogen along with the phosphate does not lead to the usual improved 
synthesis In one case of extreme fatigue, only 1 72 mg were synthetised 
out of 13 mg , although the added glycogen had almost entirely dis- 
appeared under tbe action of tbe fluonde Syntheses of 6-7 mg out of 
13 mg were obtained after direct stimulation of tbe muscle for slightly 
over half an hour 

4 After pancreatectomy In two cases only did the synthesis of 
the intrinsic plus added phosphate approach that obtained in the case 
of the muscles of the normal animal In each of these the synthesis 
was 10 out of 13 mg In one of these, examined three days after the 
removal of the pancreas, the muscle glycogen was 0 378 p c , the blood 
sugar 0 36 p c , and the liver glycogen had almost entirely disappeared 
In the other, examined four days after removal of the pancreas, the 
muscle glycogen was much higher (0 693 pc), the blood sugar low 
(0 23 p c ) and the liver glycogen 0 14 p c 

The results obtained in thirteen depancreatised animals are given in 
the following table, the muscle and liver glycogen and the blood sugar 
as well as the phosphate synthetised being included 

The animals which were in the best condition after remoi al of the 
pancreas synthetised from 6-8 mg out of 13 mg while jthose which were 
m poor condition and lethargic (therefore killed earlier) synthetised 
3-5 mg out of 13 Usually the best syntheses occurred m cases where 
the muscle glycogen was about 0 4 p c , although the percentage might be 
aboi e that figure and esterification bad or below st and vet fairly <r 0 od 
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Table XI 




Muscle 

Liver 

Blood 

mg H,P0j 
synthetised out 



glycogen 

glycogen 

sugar 

of 13 mg per 
gm. muscle 

Duration of 

(1) 

po. 

pc 

p c. 

depancrea tuition 

0 28 

0 08 

0 20 

394 

28 hours 

(2) 

0-12 

0*12 

0 20 

4 80 

48 „ 

(3) 

0 48 

0 12 

0-36 

3 27 

64 „ 

W 

0-46 

0*06 

0 27 

5 70 

48 „ 

(6) 

028 

— 

0 21 

6*06 

48 „ 

(6) 

029 

0 03 

0*30 

608 

48 „ 

(7) 

0 48 

0 05 

0*38 

700 

48 „ 

(8) 

044 

0 06 

0 47 

8 20 

48 „ 

(9) 

0-38 

1 07 

0 30 

610 

4 days 

(10) 

060 

0 02 

026 

7*06 

4 „ 

(11) 

0-27 

— 

0-32 

7 38 

4 „ 

(12) 

0 40 

004 

0*34 

8 10 

4 „ 

(13) 

0 32 

0 16 

0*40 

4 17 

6 „ 

In 

none was the synthesis so 

good as 

with the muscles of the normal 


animal 

In conclusion a brief reference may be made to a short senes of 
experiments which was earned out to determine the changes which the 
free phosphate, glycogen and lactic acid undergo during the course of 
the fluonde action on the intrinsic, and the intrinsic plus added glycogen 
and phosphate These experiments, dealing both with normal and dia 
betic animals, were earned out m the following way 

The fluonde action on the minced muscle was checked in the usual 
way after \ hour, 1 hour, 1 \ hours and 3 hours, and after each of these 
intervals the free phosphate, lactic acid and glycogen were determined 
so that with the ongmal (A) values the course of the reaction changes 
might be investigated 

The results obtained m the case of normal cat’s muscle are shown in 
Fig 1 (notion on in trinsi c components) and Fig 2 (action on intrinsic 
plus added components, 13 mg H 3 P0 4 and 13 mg glycogen per gm 
muscle) 

The comparable results m the depancreatased animal are shown m 
Figs 3 and 4 

Fig I shows the following 

1 A rapid glycogen consumption during the first half hour, followed 
by a synthesis of glycogen and finally its disappearance 

2 The synthesis of the phosphate has been completed within the 
first hour The primary glycogen disappearance has occurred before the 
phosphate synthesis has been completed 

3 A disappearance of lactic acid during the early part of the 
synthetic process 
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Comparing this with the behaviour of muscle from the depaucreatised 
animal, the following differences are to be seen (Fig 3) 



Fig 3 Depancreatieed cat’s muscle Synthesis under fluonde 
I=Phoaphate (intrinsic), as H,PO« 11= Glycogen (mtnnsio) 
HI=Lactio arad. 



Fig 4 Depaucreatised cat’s muscle Synthesis under fluonde 
I = Phosphate (intrinsic + added) as U 3 P0 4 II = Glycogen (intrinsic + added) 

III = Lactic acid. 

1 The glycogen consumption is more gradual and less complete 
There is no evidence of a glycogen synthesis 
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2 The maximal phosphate synthesis has occurred early hut to a 
lesser degree than in nor mal muscle The lactic acid production is 
checked 

The syntheses of the in trinsi c plus added components m the normal 
and depancreatised animals are shown in Fig 2 and Fig 4 

In the normal muscle the same rapid consumption of glycogen 
followed hy a synthesis is to he seen, and the phosphate synthesis is not 
completed at the end of the 14 hours penod 

In the depancreatised animal the same type of reaction changes is 
seen with the added as with the intrinsic components alone, namely, 
a holding up of the glycogen, the consumption of which corresponds 
more closely to the amount reguned for the production of the hexosedi- 
phosphate than in the case of the normal muscle There is also a great 
decrease in the amount of free phosphate synthetised 


Discussion 

From a study of the existing condition m muscle the carbohydrate 
mechanism appears to he a very stable one The resistance offered to 
depletion of the glycogen store and the maintenance of the phosphate, 
organic and inorganic, at such a constant level indicate that reversible 
processes play important parts m the transformations 

The changes produced m the existing condition M the muscle hy 
starvation and depancreatisation are, in certain respects, very similar, 
hut when the diabetic condition is accompanied by great weakness and 
lethargy the changes produced in the muscle by the hydrolytic action 
of weak bicarbonate solutions (the breakdown process) are very different 
la the case of the starved animal the breakdown process is the normal 
one, while, in the diabetic, there is a much smaller production of lactic 
acid, the value after hydrolysis being as low as from 0 17 to 0 3 p c 
The difference m behaviour of these muscles is of interest, since, at the 
outset, both have a similar glycogen store In some cases the amount 
of lactic acid produced m the depancreatised animal’s muscle could be 
accounted for by the breakdown of hexosephosphate alone so that the 
glycogen must have been changed into some form other than lactic acid 
As regards the synthetic process, the muscles m which the hydrolytic 
change was abnormal showed a reduced power to synthetise both the 
intrinsic and the added precursors of the ester That the failure to 
synthetise was not due to lack of the components is evident The 
possible cause might be one or other of the following '' 
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(a) An interference with the action of the estenfymg enzyme or an 
alteration in the associated muscle colloids 

(b) A change m the form of combination of the glycogen in the 
muscle 

Undoubtedly the most marked interference with the synthetic 
mechamsm is found m muscles which have been exhausted by prolonged 
stimulation or as a result of severe pancreatic diabetes especially m 
a nim als of poor condition, or in ngor mortis In all of these conditions 
alterations in the muscle proteins are to be expected, so that Embden s 
hypothesis may furnish the correct explanation of these disturbances in 
synthesis, especially in the case of overstimulated muscle and rigor 
The disturbances after pancreatectomy may however be due to a ohange 
in the form m which the glycogen is bound in muscle or an interference 
with the preliminary storage of the glycogen 

The evidence of synthesis of glycogen by normal muscle during t e 
course of the fluoride action and the absence of such evidence in the case 
of diabetic muscle are of importance, but further experiments are 
certainly necessary in order to elucidate the nature of the changes whic 
occur during the progress of the fluoride action 

In conclusion, the muscle of the cat may be regarded as normal 1 
shows the following properties 

(а) In the existing condition 

(1) A lactacidogen value not less than 0 18 p c (H 3 P0 4 ) 

(2) A lactic acid content of 0 08-0 2 p c 

(3) Glycogen 0 5 p c and over 

(б) After hydrolysis 

(1) Lactio acid 0 5-0 8 p c (or over) 

(2) Total phosphate 0 48 p c 

(c) After synthesis of the intrinsic components a lactacidogen va 

of not less than 75 p c of the total phosphate , 

(d) In the synthesis of the intrinsic and added free phospha 

(1) lgm muscle transforming 11-12 mg H 3 P0 4 (as phosphate) 
out of 13 mg from the free to the bound form with 

(2) Practically complete consumption of the glycogen 

The factors which indicate disturbances m the metabolism sue 

are met with m severe pancreatic diabetes are 

(1) A low original lactic acid value ( 03- 06 p c ) 

(2) Lactacidogen H 3 P0 4 below 0 17 p c m the original muscle 

(3) A lactic acid maximum after hydrolysis of less than 0 4 p c 
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(4) Lessened synthesis of both the intrinsic and the added phosphate 
with the carbohydrate component along with 

(5) A tendency to hold np the glycogen during the synthetic 
processes 


REFERENCES 

1 Beattie, E and ililro v, T H. Thu Joum. 60 p.379 1925 
— Embden, G and Hans Jost. Dtch. med. Wochensehr 16 p.636 1925 

3. Andrew's, S Biochem. Jonm. 19 p_ 242. 1925 

4. Deuticke, H. J Hoppe Sevlers Zeit. L Phys. Chem. 149 p 259 1925 



ON THE REGENERATION OF BLOOD AFTER 
HEMORRHAGE 

By D T BARRY add D S TORRENS 


We have performed some experiments on dogs to deter min e whether 
or not the regeneration of blood after haemorrhage is stimulated hy the 
use of fresh liver substance from a separate animal As this work has 
to be postponed for some time we have thought it advisable to publish 
a short account of what has been done up to now, chiefly because of an 
unusual result remarked in one animal on which liver grafting was 
performed 

Method The liver substance has been employed in various ways 


A young healthy dog was taken and bled to death Boiling water was 
poured over its thorax and abdomen, so that the epidermis could he 
removed with an ordinary sterilised knife This procedure was followed 
by washing with chinosol lotion which completely sterilises the skin 
Hands and instruments being sterilised m the usual way the liver was 
cut down upon and extracts or grafts were made aseptically from it 
The extracts employed were (1) thermostable, made by boiling and 
filtering, which was injected into a vem, (2) albuminous, made in the 
cold by grinding with sand m a sterilised mortar and filtering, which 
was injected into the peritoneal cavity, (3) perfusate, got by perfusing 
Ringer’s solution through the liver vessels, also injected into a vem 
Equivalent quantities of Ringer’s solution to those of the extracts were 
used for the control animals in a similar way A separate control was 
used for each experimental dog, except m the case of Nos 22 and 
for which one control was employed (No 23) We had used these 
extracts for some tim e hefore trying grafts For this latter purpose a 
piece of liver of about 30 grm was excised with all due precautions, an 
without weighing, so as to avoid this possible source of infection, it iras 
transferred to the wound in the neck of the experimental dog On t ^ 
first occasion the bit of liver was preserved for a few minutes in Ringer 
solution (sterilised) before being transferred to the site of implantation 
For the test of regeneration the quantity of blood taken in the firs 
instance was always 3 p c of the body weight More than this amoun 
leaves the animal m very weak condition with slow reactive powers 
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The ate chosen lor bleeding has been varied, the most common bein g 
the external jugular vein, but we experienced considerable difficulties in 
some instances in getting ofi a sufficient quantity by this vessel m a 
reasonable time, and in these recourse it as made to the carotid or 
femoral artery "When bleeding is slovr a sample of the last blood taken 
after a loss of 3 p c of the body weight may show considerable differences 
from one taken at the outset of bleeding With artenal bleeding, which 
yields the requisite amount very quickly, the difference between two 
such samples is negligible. It is important that the rate of bleeding 
should be uniform in controls and experimental animals, so that no 
difference of water or lymph absorption from tissues should occur, it is 
essential for the conditions of analysis of samples and for uniformity of 
effect on the animals With regard to the method of analysis simple 
estimations have been relied on for routine work the viscosity, specific 
gravity, corpuscular volume and red cell-count have been determined 
as a routine procedure, aud the proteins and fats of the plasma have 
been ascertained jn some cases The microscopic appearance of the 
formed elements has also been examined, and variations m the white 
cell-count noted. The viscosity was always measured at 20° C and the 
same viscosimeter used throughout (water time at 20 c CIS') WTe have 
tned some determinations of volume by the dye method described by 
Whipple and his co-workers (l) as well as others, but we have not had 
satisfactory results The technique of the method is difficult, and the 
great tendency to hemolysis m the dog is an upsetting factor The 
hemoglobin is very easily dissociable from the globule and colours the 
plasma Is otwithstandmg Lmdhard’s contention that a small amount 
of heemoglobm m the serum does not affect the estimation of volume P) 
we have not been able to get reliable results because of this factor 
While it may sometimes be desirable to know the volume of the circu- 
lating blood m this class of work we do not consider it indispensable as 
a routine measure It is well on the other hand to ascertain the blood 
pressure from time to time, and this has been done m these experiments 
Healthy animals have been chosen for the work and great care has 
been taken in their treatment after operation, special precautions having 
been adopted fur artificial warmth during the first twenty-four hours 
After this interval they lived m uniform conditions in the kennels berne 
fed on biscuits and porridge with occasional scraps of meat and some 
soup The kennels were quite dry and warm, and the animals were 
allowed to go free in the yard from tune to time 
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ON THE REGENERATION OF BLOOD AFTER 

hemorrhage 

By D T BARRY and D S TORRENS 

^ P er ^ onne d some experiments on dogs to determine whether 
or no t e regeneration of blood after haemorrhage is stimulated by the 
use of fresh liver substance from a separate animal As this work has 
to be postponed for some time we have thought it advisable to publish 
a s ort account of what has been done up to now, chiefly because of an 
unusual result remarked in one animal on which liver grafting was 
performed 

Method The liver substance has been employed m various ways 
young healthy dog was taken and bled to death Foiling water was 
poured over its thorax and abdomen, so that the epidermis could be 
removed with an ordinary sterilised knife This procedure was followed 
y washing with chmosol lotion which completely sterilises the skin 
ands and instruments being sterilised in the usual way the liver was 
cut down upon and extracts or grafts were made aseptically from it 
The extracts employed were (1) thermostable, made by boiling and 
filtering, which was injected into a vein, (2) albuminous, made in the 
cold by grinding with sand m a sterilised mortar and filtering, which 
was injected into the peritoneal cavity, (3) perfusate, got by perfusing 
Ringer s solution through the liver vessels, also injected into a vein 
Equivalent quantities of Ringer’s solution to those of the extracts were 
used for the control animals m a similar way A separate control was 
used for each experimental dog, except m the case of Nos 22 and 24 
for which one control was employed (No 23) We had used these 
extracts for some time hefore trying grafts For this latter purpose a 
piece of liver of about 30 grm was excised with all due precautions, and 
without weighing, so as to avoid this possible source of infection, it was 
transferred to the wound in the neck of the experimental dog On the 
first occasion the bit of hver was preserved for a few minutes m Rmger’s 
solution (sterilised) before being transferred to the site of implantation 
For the test of regeneration the quantity of blood taken in the first 
instance was always 3 p c of the body weight More than this amount 
leaves the animal in very weak condition with slow reactive powers 
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Tie ate chosen for blee ding has been varied, the most common, being 
tie external jugular vein, but we experienced considerable difficulties m 
some instances in get ting ofi a sufficient quantity by this vessel in a 
reasonable time, and in these recourse was made to the carotid or 
femoral artery When bleeding is slow a sample of the last blood taken 
after a loss of 3 p c of the body weight may show considerable differences 
from one taken at the outset of bleeding With arterial bleeding, which 
yields the requisite amount very quickly, the difference between two 
such samples is negligible. It is important that the rate of bleeding 
should be uniform m controls and experimental animals, so that no 
difference of water or lymph absorption from tissues should occur, it is 
essential for the conditions of analysis of samples and for uniformity of 
effect on the animals With regard to the method of analysis simple 
estimations have been relied on for routine work the viscosity, specific 
gravity, corpuscular volume and red cell-count have been determined 
as a routine procedure, and the proteins and fats of the plasma have 
been ascertained jn some cases Tbe microscopic appearance of the 
formed elements has also been examined, and variations m the white 
cell-count noted. The viscosity was always measured at 20° C and the 
same viscosimeter used throughout (water time at 20° C 18') We have 
tried some determinations of volume by the dye method described by 
Whipple and his co-workers(i) as well as others, hut we have not had 
satisfactory results The technique of the method is difficult, and the 


great tendency to hsemolysis m the dog is an upsetting factor The 
hemoglobin is very easily dissociable from tbe globule and colours the 
plasma Notwithstanding Lmdhard’s contention that a small amount 
of hemoglobin m tbe serum does not affect the estimation of volumep) 
we have not been able to get reliable results because of this factor 
While it may sometimes be desirable to know the volume of the circu- 
lating blood m this class of work we do not consider it indispensable as 


a routine measure It is well on the other hand to ascertain the blood 
pressure from time to time, and this has been done in these experiments 
Healthy animals have been chosen for the work and great care has 
been taken in their treatment after operation, special precautions bavin 
been adopted for artificial warmth during the first twenty-four hours 
After this interval they lived in uniform conditions in the kennels b 
fed on biscuits and porridge with occasional scraps of meat and 
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Results 

^ ^ n J cc ^ lor i Injection of extracts was performed on nine doss, ax 
avanoudy and three intrapentoneally A control arumal in each case 
or h? S d + ^ * Tea ^ ^y Ringer’s solution with or without a little gam 
diff °° e< l ua l the extract employed In these cases no appreciable 
erences in composition of blood as between experimental animal and 
n a were noted in the course of recovery during several weeks. One 
jec on only was made in each of these experiments, that is immediately 
h f 6 8 ^ ma 7 b® that a stimulus to haamogenesm was provided 
, 6 ver ex 7ract, but in such small amount as to produce no appre- 
o e eot It would be worth while to repeat the injections and to 
'eep up a regular supply during the early period of regeneration alter 
, , e . & e have not been able to adopt this procedure, for which 
the hver of other animals than dogs might be tried 

, The grafts have been employed in three animals only 

i ,, T? re ^planted m the subcutaneous tissue of the neck over the 
, rna ^ J u & u ^ ar vein. In one of these three the wound became dm 

^ se Phio, and although complete recovery took place it is looked 
of H, ei ’l mnme,1 hal failure It may be remarked that the blood 

, , showed no signs of benefit as compared with that ol the 
a serum contained a large amount of fat, whioh shaken out 
f-nt-in ^ e P 0sl ^ ef ^ on evaporation of the ether large masses of choles 
n SCa 68 I1Gcc ^ es Tn the second case there was considerable 
„ f. g ’ ° 011 P urL, lent discharge from and mutation of the wound after 
the hi 8 ’. re l gam com P hte recovery took place As m the first dog 
miHnloo + ° u ? ne B h° we d no improvement in specific gravity, cor 
In Mi,, X 'i bUt the BerUm WaS clear > the fat was not estimated 

fipniari k ammix ^ grafted the wound remained perfectly clean and 
aomn ^ ^tention, although the jaws and bps were swollen for 

stenl 0UXS i.i ^ seems ^at the fresh fiver tissue, even when quite 
mild infl 8 ca P li ' 0 °f setting up mutation whioh passes off m tune, a 
second ,1 mraii oa without sepsis This animal was very well on the 
Darerl with’ ^ ^°°d condition soon became quite good as com 

shown hu & t of the control (v Tables) The symptoms id general 
and fisHf-q^ 1123 a ^ ter hleedmg are pretty uniform, they remain weak 
m _ ho n ° r 9orae < ^ a 7 s > showing little desire for food though thirst 
enniwiIpniT noance d Those which have received injections of gum 
q valent to blood loss are more quickly restored than others The 
posi on o e armnaJ also shows a change after Weeding, the com- 
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bative or quarrelsome one beco min g subdued and the snappy one quite 
docile, while there is little tendency to fnsk or play, and this condition 
may last many days In the third graft dog mentioned above there 
was a distinct difference in this respect, it soon grew lively and alert, 
with a disposition to establish an authority over the others when let 
loose together 

Having noted many disturbances as a result of taking large samples 
of blood for analysis during the first week or two after bleeding, we were 
content in this case and that of the control to examine an occasional 
drop from an ear vein for corpuscle count until the 20th day, large 
samples were then taken, the results of examination of which are given 
in Tables I and II By an oversight the early counts of these two animals 
were not entered up m the notes Notwithstanding this we consider the 
figures given in the tables of sufficient interest for publication. 


So 

23 

Do 


So. 

24 

Do 


Table L Control for Nos. 22 and 24. 


Weight 





Red 

Corpuscles 

Date 

Bleeding 

Specific 

Viscosity 

cells 

volume 

t. 

C.C. 

gravity 

(20° a) 

in. 

pc 

12 

28. iv 26 

360 

1060 

3-4 

74 

60 

119 

18 v 26 

75 

1052 

2 75 

63 

355 



Table EL Dog grafted. 

Red 

oells 

Corpuscles 

volume 

Weight 


Bleeding 

Specifio 

Viscosity 

k. 

Date 

C.C. 

gravity 

(20° C.) 

m. 

pc. 

20 

29 rr 26 

600 

1061 

36 

86 

62 

19 

18 v 26 

150 

1060 

34 

82 

48 


Table I represents a fairly typical control m which recovery is slow, 
an d 20 days after the bleeding the blood is still thin Discrepancies in 
tbe relation of corpuscle bulk to numbers are frequent, and the varia- 
tions suggest that the volume of corpuscles undergoes rather quick 
changes during the course of regeneration The difference of one day 
ln the dates of this control dog and the experimental one (24) is ex- 
plained by the fact that No 22, grafted on the same day that the 
control was bled, showed a poor condition on the morrow of the opera- 
tion, and so a second dog was bled and grafted on this latter date 
Remarks The work of Robscheit-Robbins and 'Whipple( 3 > m 
feeding bled dogs on liver substance suggests that this contains a prin- 
ciple which makes for regeneration of hemoglobin and corpuscles The 
present method of investigation seems to ns, if not better adapted than 
feeding to elicit the truth or otherwise of this proposition at least to h* 
a tery useful accessory hue of investigation Although ’we have onlv 
one successful experiment to present m favour of the suggestion, the 
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result m this one instance is marked About an ounce of fresh liver 
substance was implanted under the skin of a bled a nim al and in the 
course of three weeks the haemoglobin and corpuscles were restored, as 
were the viscosity and specrfio gravity of the blood, m much higher 
proportion than in the case of a control treated m every respect similarly 
except for the use of liver substance The graft at the end of three weeks 
was examined post-mortem and showed the following condition. The 
consistence of the residue was of a semi-fluid nature, and this remnant 
amounted to about 1 grm It was shut off by a sort of soft connective 
tissue from the surro unding s Microscopically this substance showed no 
formed elements, consisting chiefly of ddbns and granular fluid with a 
few flakes of vaguely fibrous material 

Our observations are admittedly incomplete, and we recognise that 
much more work is needed to carry us clear of the realm of hypothesis 
But the analysis of the samples of blood was earned out with muoh 
care, the specific gravities were measured directly with a unnometer, 
the corpuscle volume was uniformly determined m the oxalated blood, 
and counts were carefully made with a Burgher Bhde after macro 
dilution (1 c c m 99 c o Ringer’s solution) Accordingly no senous error 
can have ocourred m our examination of the samples 

We do not know what value to attach to the result in the second 
dog grafted (No 22) , the degree of sepsis, if it may properly be so called, 
was much less than m the first, but the wound did not heal at all so 
readily as m the third, while the liver tissue, apparently because the 
reaction which occurred in the surrounding tissues did not tend to 
preserve it, seems to have melted away very quickly Tentatively we 
have considered it as an instance of sepsis and so refer to it m our con 
elusions 

SummArt and Conclusions 

Nine dogs were bled to the extent of 3 p o of the body weight and 
given one injection of hver extract intravenously or intrapentoneal y 
No appreciable differences were noted in their blood from that of t 
controls m the course of recovery 

Three dogs were bled to the same extent as the above and treate 
by grafting hver substance in the subcutaneous tissue of the neck Two 
of these developed sepsis and showed no improved regneration of hemo- 
globin as compared with controls In the third animal the wound heale 
by first intention, and it showed better regeneration of hfflmoglobm than 
the control In recording this experiment we merely desire to sugges 
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that it lends a little support to tlie theory that the liver possesses the 
property of stimulating hremogenesis Possibly similar properties exist 
m other tissues 

Note. Part of the expenses of this research -were defrayed by a grant to one of na 
from the Medical Research Conned. 
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ON THE INNERVATION AND SECRETORY PATH 
OF THE THYROID GLAND 

By C S HICKS (Beit Memorial Fellow) 

{From the Biochemistry Laboratories, Cambridge, and Physiology 
Department, University of Adelaide ) 

In an attempt to develop a precipitin test for the presence of thyroid 
secretion in the blood of “hyperthyroid” patients, it was found that 
thyreoglobulin prepared by Oswald’s method, acted as a powerful 
antigen when injected into the blood of the rabbit The present work 
had already passed its pre limin ary stages in conjunction with chemical 
work in the same field (2) prior to knowledge of the first paper on thyreo- 
globulin published by Hektoen and Schulhof (i), and since the appear- 
ance of an interim report (3) has been further extended The present 
paper includes all work up to the present, and serves both as an ex- 
tension and a corroboration of the work of Hektoen and Schulhof 
who, however, worked with markedly goitrous animals (2) 

On the assumption that thyroxin would doubtless be secreted into 
the blood or lymph, combined with the globulin originally shown by 
Oswald to contain the total activity of the gland, it was proposed to 
apply the precipitin test for thyreoglobulin to the examination of blood 
and lymph from the thyroid m the intact animal 

Most of the work on the innervation and control of secretory activity 
of the thyroid gland has given rise to indirect, or contradictory results 
capable of interpretation according to prejudice The anatomy of the 
nerve supply is clear — namely, that sympathetic nerves to both vessels 
and gland tissue travel by the superior laryngeal nerve to be distributed 
along the superior thyroid arteries (4), but removal of the nerve supply 
seems to leave the gland function unimpaired Using tests for iodine in 
the thyroid venous blood van Dyke(5) obtained negative results 
Cannon(6) showed that electrical changes m the gland could be pro- 
duced by stimulation of the thyroid nerves, but his work on the anasto- 
mosis of phrenic and sympathetic producing changes m gland structure, 
has not been corroborated (7) His further work on stimulation of the 
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nerve supply to the cl end. and its effect on the deneryated heart(6) 
raises the difficulty of explaining the observed rapid increase in cardiac 
rate, all the evidence so far available pointing to delayed action on the 
part of thyroid secretory products The possible route of the secretion 
has been decided only on histological and cytological grounds (9) 

Preliminary work on the lymph drainage of the thyroid gland in the 
dog was begun under the guidance of Dr F C Mann at the Mayo 
Institute of Experimental Medicine, Bochester, Minn , in the summer 
of 1924 

Thyroids from recently killed animals were rapidly washed with 
water (while being tom into small pieces) until almost colourless The 
fragments, free from all fat and connective tissue, were then ground 
hghtly with incinerated beach sand in normal saline containing thymol 
dissolved in toluol. The mixture was allowed to stand at 0° C for three 
days until the thyreoglobulin had dissolved m the saline, and was then 
thoroughly filtered (see Hektoen and Schnlhof) The filtrate was 
then treated with an equal volume of saturated ammonium sulphate 
and the precipitate well washed with 50 p c ammonium sulphate in 
normal saline, and re-precipitated, the operation being twice repeated 
The precipitate was then dialysed against distilled water m a collodion 
sac until free from ammonium salts as determined by nesslensmg the 
dialysate The solution was then evaporated rapidly in vacuo to dryness 
and solutions of thyreoglobulin made up by dissolving tbe dried globulin 
in normal saline to 1 p c concentration 10 c c injections of tins solu- 
tion were made mto the ear vein of the rabbit on four successive days, 
repeating the operation after an interval of ten days During the week 
following the last injection the titre of the serum reached its maximum 
of 1 80,000 Serum precipitins, arising from serum contamination in 
the antigen, were removed by adding to the antiserum equal parts of 
1 250 dog serum in saline, standing for four hours and centrifuging 
off the precipitate so formed Such antiserum gave no precipitate when 
treated further with dog serum The tests were made by the layer 
method, the antiserum being added below tbe surface of the solution 
to be tested, the results being read by suitable bgbt after one hour at 
Toom temperature Progressively diluted antigen was used m order to 
avoid failure of reaction due to high concentration 

Collection of Lymph Warmed ether was carefullv administered by 
means of a tracheal cannula and the main lymphatic vessels of the neck 
were displayed by blunt dissection and bgated as low in tbe neck as 
possible The lymph from the gland drams by several channels to a 
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node near the angle of the jaw, and above this the trunks draining the 
head were ligated, the filling of the lymphatics after the lower ligature 
increasing the visibility of the otherwise extremely delicate vessels It 
is clear that the ligated vessels will contain thyroid lymph plus some 
neck lymph, and a cannula inserted m this vessel supplied the material 
to be tested See Carlson and Woelfel for details of techniquefio) 
Lymph was collected for a period of three hours, during which time 
the ansesthesis was uniform and lightly maintained From the two glands 
a total amount of 0 4 c c of lymph was obtained m the above period, 
representing an average flow of 1 6 c c per gland per 24 hours 

Test The lymph was mixed with an equal volume of 1 250 dog 
serum m 0 9 p o sodium chloride solution and after standing for four 
hours at room temperature, the precipitate was removed by cento 
fugtng at 3000 rpm The dilutions of lymph in saline were arranged 
in small sedimentation tubes, and to 0 2 c c m each tube was added 
carefully at the bottom of the tube 0 2 c c antiserum After standing 
for an hour at the room temperature these tubes were examined for 
precipitate at the plane of contact of the solution Table I shows the 
result obtained with animal A compared with pure antigen solution 


Table L 

Thyreoglobulin Thyroid 

flotation lymph 

Anti dog thyreoglobulin scrum alone 1 80,000 1 260 

Same after adding equal voL 1 250 
dog serum and centrifuging 1 60,000 1 20 


Table EL 


Dog 

Thyroid 

lymph 

Thyroid 

blood 

Arterial 

blood 

A 

1 20 

1 15 

No aotion 

B 

1 12 

1 15 

ft 

C 

1 18 

1 18 

H 

D 

1 24 

1 20 

tt 

E 

I 30 

1 18 

»> 

Note 

Serum precipitin* removed before testing 


Blood 
serum 
1 120 

No aotion 


It is clear that thyroid lymph and venous blood contains a substance 
which reacts with an antiserum against dog thyreoglobulin, while this 
substance is absent from arterial blood, or too dilute to react In the case 
of animals D and E 60 minims of the b p tincture of iodine in capsules 
had been administered before the operation This was done to further 
test the accuracy of an observation originally made by Mann, and 
further confirmed by Mann and Hioks during the preliminary work 
to this study, that iodine administration caused an increase in lymph 
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flow from the thyroid in the dog In the present case the same obser- 
vation was made — the lymphatics stood out more plainly after liga- 
turing, and felt tense, and the flow was more plentiful than in the other 
cases, being 0 5 and 0 6 c c per gland respectively It will be noted 
that there is an apparent slight increase in the strength of the reaction 
with antiserum, but the extent of the experiment warrants no further 
conclusion, Further work is necessary to establish this observation as 
being constant, and is in progress at present 

Stimulation of the cervical sympathetic (U) was earned out and the 
lymph from the stimulated side compared with that from the other side 
in animals B, C, D and E No change m titre could be established either 
between the lymph of the same side before and after stimulation, or be- 
tween the stimulated and non-stimulated sides 

It would appear from these lesults that thyreoglobulin finds ita way 
more by the blood stream than by the lymphatics, the rate of flow m 
the latter being very slow compared with that of the blood in the veins, 
and the concentration being of the same order m both No conclusion 
can be drawn as to the effect of possible secretory fibres in the sympa- 
thetic nerve supply to the thyroid, although it might be urged that the 
effect might be slower than the nature of the experiment could detect 
These results confirm those of Carlson, Hektoen and Schulhof ( 12 ) 

SUMMAUY AND CONCLUSIONS 

1 Secretion of thyreoglobulin into blood and lymph has been 
studied m dogs with normal thyroids 

2 Thyreoglobulin as an index of thyroid secretion passes from the 
thyroid gland to both lymphatics and veins, chiefly by the latter route 

3 Electrical stimulation of the sympathetic nerve supply to the 
thyroid of the dog produces no change in thyroid secretion rate as 
measured by the output of thyreoglobulin determined by the quanti- 
tative precipitin reaction of the latter 

4 Administration of iodine appears to increase the flow of lymph 
from the apical lymphatics of the thyroid gland as well as to increase 
the content of thyreoglobulin therein This latter is a conclusion based 
on experience with four animals and is tentative pending further work 
on the subject 

My thanks ate due to Dr F C Mann of the Mayo Foundation 
Rochester, Mum , and also to Dr G Scott Williamson of the Dun^ 
Laboratory, St Bartholomew’s Hospital, who secured for me the dog 
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thyroids used m the preparation of the thyreoglobulin for these 
experiments 

The work has been earned ont during the tenure of a Beit Memorial Fellowship for 
Medical Research, and was done under the auspices of the Medioal Research Council, 
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THE ANAEROBIC DELAYED HEAT PRODUCTION IN 

MUSCLE Br K.FURUSAWA axd TV HARTREE 1 

( From the Physiological Laboratory, Cambridge ) 

Dttrikg the past nin e months we have earned out over 100 experi- 
ments in order to verify the existence and to determine the amount 
of the anaerobic delayed heat occurring m isolated frog’s muscle after 
stimulation. Hartree and Hill(i) concluded that this is about 0 25 
of the total initial heat, hut in view of the importance of this quantity 
it seemed desirable to remove any possible doubt concerning it The 
method employed was the same as that described m the above paper, 
but in all the later experiments a special thermopile with two faces was 
used which will be described later 

The Ringer’s solution which filled the chamber initially had been 
carefully boiled to exclude oxygen, and the nitrogen employed was freed 
from oxygen as completely as possible The quality of the nitrogen was 
frequently tested. On a few occasions it was found to contain about 
0 1 p c of oxygen, but usually it contained about 0 05 p c or less 

In several cases we found that when such purified nitrogen was 
passed through the muscle chamber for an hour or so after the Ringer’s 
solution had been blown out, the muscle became slowly mexcitable, 
as Bayer( 2 ) and Fr5hlich(3) have shown in the case of nerve In 
such cases a complete recovery could be brought about by soaking the 
muscle for a short time in aerated Ringer’s solution. A certain minimum, 
therefore, of oxygen (less than 0-1 p c ) is necessary to keep the muscle 
excitable This state of mexcitabihty evidently started on the side of 
the muscle exposed to the nitrogen, producing peculiar results which 
should be mentioned When the outside of the muscle is inactive, the 
temperature of that part will not rise immediately on stimulation, so 
part of the heat produced in the inside (and near the thermopile) must 
flow to the outside soon after the stimulus The thermopile, therefore, 
will be affected m exactly the same way as if there were an absorption 
of heat by the muscle following shortly after the initial rise of tem- 
perature In other words, there will be an apparent negative heat 
production soon after the stimulus This was verified long ago b 

* Working for the Medical R«e*rch Council. ° 7 



204 


K FURUSAWA AND W HARTREE 


scorching the surface of the muscle with a hot wire, records taken after 
this -showed an apparent large negative heat soon after the contraction 
Of course if this negative heat be large, or if it occur early, it may 
affect the maximum deflection itself (especially when using a slowly 
acting thermopile), and since the delayed heat is determined by the 
difference of the “live” curve and the “control” curve when these are 
reduced to the same mftTrmnm — which would he correct if the muscle 
were uniformly heated when it contracted — it can be seen that if the 
live curve has a false maximum the effect on the above difference may 


be relatively large Apart from this possible error due to a false maximum, 
the state of mexcitabihty spreading inwards from the exposed surface 
is sometimes well shown by the increasing “negative heat after 


successive stimuli 

On the other hand, in many experiments we observed that there 
was a large early positive difference between the live curve and the 
control curve, as observed by Hartree and Hill (0), p 133) This 
was specially evident when using longer stimuli (0 3 sec or more) as was 
done in that case — in fact we have several experiments in which this 


happened, and yet when a short stimulus (0 05 Bee or less) was given, 
the early apparent negative heat was very evident These irregularities 
can possibly all be explained by supposing that the heat is not produc 
unif ormly across the section of the muscle on stimulation, due possib y 
either to the over-stimulation of some of the fibres or to the inactivity 
of others In general it is probable that the inside of the muscle 
remain in better condition than the surfaoe, which may have been 
damaged during preparation or affected by contact with the thermopi e 
Dunng the course of our experiments Prof Otto Meyer o 
suggested that we should make some observations on the effect of very 
strong stimuli on the delayed anaerobic heat A preliminary statemen 
of our results was published m Pfluger’s ArchwW There we showed 
that after a strong faradic stimulus (containing five to eight times as 
much energy as a just maximal stimulus) there occurs an anaero ic 
delayed heat amounting to 20-60 p c of the initial heat 

Subsequently we have made several experiments with an extra strong 
stimulus of short duration (0 05 sec ) The energy of this stimulus was 
several times greater than that in the initial response of the musc e 
In this case, following the initial heat production there is a relative y 
enormous outburst of delayed heat, the total extra heat produced during 
a period of 2 or 3 minutes after the stimulus being well m excess of t e 
initial heat itself This delayed heat, which cannot be regarded as 
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associated with a normal muscular contra eta on, but rather as due to 
injury produced by the excessive stimulation, is obviously to be associated 
■with the delayed lactic acad formation found by Embden(5) and 
discussed by Meyerhof and Lohmann(6) 

Such “electrocution” of the muscle is of httle interest in connection 
with normal muscular contraction, but it is obvious that measures must 
be taken to avoid its effect vrhen employing direct stimulation of muscles, 
and the question nec essarily arises whether those fibres of a muscle 
which are immediately in contact with electrodes do not themselves 
receive excessive stimuli even when, for the muscle as a whole, the 
stimulus is only just maximal. 

Returning now to the case of ordinary stimuli, when there is apparent 
negative heat soon after the stimulus its amount invariably increases 
with successive stimuli of the same duration, and in general the size 
of the curve of delayed heat rate falls slightly fox successive stimuli, 
the first curve being often abnormally higb, due possibly to traces of 
oxygen. 

Since m these anaerobic experiments we bave observed many cases 
of apparent early negative heat and also of apparent early positive heat 
occurring after contraction is over, it was inevitable m a long senes of 
experiments that there would he several cases m which the bve curve 
and the control curve were practically identical for some tame (half 
a minute or more) from the start If any other state of affairs is taken 
as being due to experimental error, these cases are entitled to the 
greatest weight, although even then it might have happened only because 
the positive and the negative errors were initially equal In many cases 
there was only a small early negative heat or a small early positive heat 
above that due to a Bmooth curve starting from time zero In such cases 
an attempt was made to correct the result Early positive heat was 
estimated by analysis of the early part of the curve, and this was deducted 
from the observed difference m the areas of bve and control curves 
Similarly, if there was apparent early negative heat, this was estimated 
by analysis and added to the observed difference in the areas of live and 
control curves Such corrections, however, were made only when they 
were not more than 2 or 3 p c , m exceptional cases they mmht be as 
much as 8 p c (For numerical results see later ) 

We are admittedly attempting to find the minim um value of the 
anaerobic delayed heat For this reason about a quarter of the e 
meats which gave a delayed heat of between 20 and 30 p c f +h~ 
mitral heat (as found by Hartree and Hill) have been discarded! 
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although the nitrogen used in these experiments was of good quality 
and there was no special reason to suspect the results In a further 
quarter of the experiments the early negative or extra-positive heat was 
too large to be taken into account with any accuracy Even so, however, 
we have 40 reliable experiments on which to base our results 

Owing to the occurrence, especially in the purest nitrogen, of large 
apparent negative heat, which, as explained above, was probably due 
to the mexcitabihty of the outside of the muscle on the ordinary thermo 
pile, Prof A V Hill suggested a new type of thermopile, which was 
made by Mr Downing of University College, London, and consists of 
two parallel thermopile plates joined in senes, with the muscle lying 
between them so that only its edges are exposed Since a single sartonus 
muscle was rather small and thin to warm both faces of this thermopile, 
a semi-membranosus muscle was used in all the experiments with it 
The thinness of the insulation and the good contact of the muscle with 
this type of thermopile caused the heat to be transferred very quickly 
to the hot junctions, with the result that the maximum galvanometer 
deflection was reached in about 3 seconds, even with a large muscle 
weighing 0 3 grm or more Moreover, loss of heat from hot to col 
junctions was rapid These facts would have rendered technically very 
difficult an actual analysis of the heat rate throughout the record, an 
none was actually made, only the total area of the deflection-tune curve 
being determined in order to ascertain the total delayed heat 

This thermopile did not entirely eliminate the negative heat in ac 
in all the cases m which a short stimulus (0 03-0 05 sec ) was us i 
showed 2—4 p c early negative heat, with a longer stimulus (0 3 sec 
the same muscle never showed any early negative heat, though usu ^ 
there was some early extra positive heat in these cases In a t e 
experiments made with this thermopile the nitrogen had about 0 3 p c 
of oxygen present in it, and in only one or two cases was there obvious y 
increasing negative heat for successive stimuli The very small sur ac 
of the muscle exposed cannot have allowed any perceptible amount o 
oxygen to pass in, probably only sufficient to maintain the excita l y 
The numerical results from 40 fairly reliable experiments, all at 1 
in nitrogen, including those using both types of thermopile and employing 
various times of stimulus from 0 03 to 0 3 sec , were as follows ^ 
12 experiments with no correction for early irregularities the mean to a 
delayed heat was 12 p c (one result over 13 and one under 10), in 
12 experiments with not more than 3 p c of early positive heat 
mean total delayed heat after deduction of this early positive heat was 
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lit p c (two results over 14 and three under 10) , in 16 experiments 
with not more t han 3 p c of early apparent negative heat the mean total 
delayed heat after addition on this early negative heat was 124 p c (three 
results over 14 and three under 10) 

The minimum value, therefore, of the anaerobic delayed heat now 
appears to he reduced to 12 p c , with the reservation that this result 
is obtained by excluding a considerable number of experiments, ap- 
parently reliable, which gave a much greater result, and a few which 
gave a slightly less result, talcing all the experiments into account the 
mean is roughly 15 p c , but, as Prof Hill suggests, it is quite possible 
that the anaerobic delayed heat is not a constant fraction of the initial 
heat, but depends upon conditions At first sight it might be supposed 
that this number, which was about 50 p c according to Hartree and 
Hill in 1922(7) without using specially prepared nitrogen, and about 
25 p c according to their re-determinations m 1923 (i), should in reality 
be zero Progressive improvements in the technique seemed always to 
reduce the figure for the anaerobic delayed beat We cannot agree, how- 
ever, with such a conclusion. Our observations seem definitely to prove 
the existence of some snch delayed heat, since in all cases, even in the 
purest nitrogen, the galvanometer deflection after a stimulus persists much 
longer than tn the case of the control curve No initial irregularities of heat 
production between different points of tbe muscle could possibly bave 
any effect on the deflection after the time taken by tbe control curve 
to return to zero Deflection after that time must mean heat production 
going on after the contraction is over, and the amount of that deflection 
is much larger than can be accounted for by any possible experimental 
error At 18° C tbe deflection is observable m tbe curves of tbe live 
muscle up to 11 or 12 minutes, whereas in the control curve it has reached 
zero m about half that time. The maximum deflection was always about 
500 nun. , readings were made to the nearest half-millimetre and are 
certainly correct to the nearest 1 mm. The greatest difference between 
the live and tbe control deflections, m tbe cases giving the smaller total 
of delayed heat (10-15 pc), was usually from 6 to 8 mm and 2 to 4 mm 
deflection persists in the live curve at a time when the control curve has 
returned completely to zero 

Another reason for regarding this anaerobic delaved heat as due to 
causes within the muscle, is the fact that at 0 3 C its rate is conaderablv 
diminished (see Appendix), which would not be the case were it due to 
purely physical causes of any kind. 

As to the origin of this anaerobic delaved heat we hav* ™ - 

xia > c nu y 
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although the nitrogen used m these experiments was of good quality 
and there was no special reason to suspect the results In a further 
quarter of the experiments the early negative or extra-positive heat was 
too large to be taken into account with any accuracy Even so, however, 
we have 40 reliable experiments on which to base our results 

Owing to the occurrence, especially m the purest nitrogen, of large 
apparent negative heat, which, as explained above, was probably due 
to the mexatability of the outside of the muscle on the ordinary thermo 
pile, Prof A V Hill suggested a new type of thermopile, which was 
made by Mr Downing of University College, London, and consists of 
two parallel thermopile plates joined in senes, with the muscle lying 
between them so that only its edges are exposed Since a single sartonus 
muscle was rather small and thin to warm both faces of this thermopile, 
a semi-membranosus muscle was used m all the experiments with it 
The thinness of the insulation and the good contact of the muscle with 
this type of thermopile caused the heat to be transferred very quickly 
to the hot junctions, with the result that the maximum galvanometer 
deflection was reached m about 3 seconds, even with a large muscle 
weighing 0 3 grm or more Moreover, loss of heat from hot to cold 
junctions was rapid These facts would have rendered technically very 
difficult an actual analysis of the heat rate throughout the record, and 
none was aotually made, only the total area of the deflection-time curve 
being determined in order to ascertain the total delayed heat 

This thermopile did not entirely eliminate the negative heat — in fact 
m all the cases m which a short stimulus (0 03-0 05 sec ) was used it 
showed 2-4 p c early negative heat, with a longer stimulus (0 3 sec) 
the same muscle never showed any early negative heat, though usually 
there was some early extra positive heat in these cases In all the 
experiments made with this thermopile the nitrogen had about 0 3 p c 
of oxygen present in it, and in only one or two cases was there obviously 
increasing negative heat for successive stimub The very small surface 
of the muscle exposed cannot have allowed any perceptible amount of 
oxygen to pass in, probably only sufficient to maintain the excitabibty 
The numerical results from 40 fairly rebable experiments, all at 18° C 
m nitrogen, including those using both types of thermopile and employing 
various times of stimulus from 0 0 3 to 0 3 sec , were as follows In 
12 experiments with no correction for early irregularities the mean total 
delayed heat was 12 p c (one result over 13 and one under 10), in 
12 experiments with not more than 3 p c of early positive heat the 
mean total delayed heat after deduction of this early positive heat was 
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11| pc {two results over 14 and three under 10), in 16 experiments 
with not more than 3 p c of early apparent negative heat the mean total 
delayed heat after addition on this early negative heat was 124 p c (three 
results over 14 and three under 10) 

The minimum value, therefore, of the anaerobic delayed heat now 
appears to be reduced to 12 p c , with the reservation that this result 
is obtained by exclu ding a considerable number of experiments, ap- 
parently reliable, which gave a much greater result, and a few which 
gave a slightly less result, taking all the experiments into account the 
mean is roughly 15 p c , but, as Prof Hill suggests, it is quite possible 
that the anaerobic delayed heat is not a constant fraction of the initial 
heat, but depends upon conditions At first sight it might be supposed 
that this number, which was about 50 p c according to Hartree and 
Hill in 1922(7) without using specially prepared nitrogen, and about 
25 p c according to their re-determinations in 1923(1), should in reality 
be zero Progressive improvements in the technique seemed alwayB to 
reduce the figure for the anaerobic delayed heat We cannot agree, how- 
ever, with such a conclusion Our observations seem definitely to prove 
the existence of some such delayed heat, since m all cases, even in the 


purest nitrogen, the galvanometer deflection after a stimulus persists much 
longer than in the case of the control curve No initial irregularities of heat 
production between different points of the muscle could possibly have 
any effect on the deflection after the time taken by the control curve 
to return to zero Deflection after that time must mean heat production 


going on after the contraction is over, and the amount of that deflection 
is much larger than can be accounted for by any possible experimental 
error At 18° C the deflection is observable m the curves of the live 
muscle up to 11 or 12 minutes, whereas m the control curve it has reached 
zero in about half that time The maximum deflection was always about 
500 mm , readings were made to the nearest half -millimetre and 
certainly correct to the nearest 1 mm The greatest difference between 
tbe bve and the control deflections, m the cases giving the smaller t 
of delayed heat (10-15 pc), was usually from 6 to 8 mm an( j 2 to 4 ° ** 
deflection persists m the live curve at a time when the rnnt~.i 10111 ’ 
returned completely to zero curve has 


Another reason for regarding this anaerobic delayed h 
causes within the muscle, is the fact that at 0° C its rate ^ ^ 
diminished (see Appendix), which would not he the cas C0D aderahly 
purely physical causes of any kind 6 l7ere ^ ^ Ue to 


As to the origin of this anaerobic delayed heat we have n 
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definite suggestions to offer It is conceivable that an ordinary maximal 
stimulus may be supermaxunal for the fibres in immediate contact with 
the electrodes and that these fibres then exhi bit the delayed heat 
production shown above to result from excessive st imula tion It would 
seem unlikely, however, that a sufficient number of fibres should be so 
over-stimulated as to produce the amount of extra heat actually found 
It would appear more probable that there is a genuine delayed anaerobic 
heat of normal physiological origin, for which some explanation must be 
found m the mechanism of the muscle It is now commonly believed 
that a hexose diphosphonc ester is the immediate precursor of the lactio 
acid liberated during stimulation, and it would seem possible that the 
re-formation of this compound, at the expense of phosphate and glycogen, 
occurring only slowly in the almost complete absence of oxygen, may be 
the origin of this delayed anaerobic heat 

If the number 12 p c for the delayed anaerobic heat be now accepted 
as of genuine physiological origin, and the revised value of 390 calories 
taken for the heat per gram of lactic acid liberated during contrac- 
tion (Meyerhof (8)), then the “balance sheet” of Hartree and 
Hill ( a), p 135) must be revised as follows 




Absolute 


Relative 

calories 

Total anaerobic 

I 12 

390 

Initial 

I 00 

348 

Delayod anaeroblo 

0 12 

42 

Delayed oxidative 

1 60 

622 

Total oxidative 

260 

870 


Employing Slater’s latest value (8) for the heat of combustion of 
1 grm of dissolved glycogen, namely 3836 calories, this result implies 

that only of each gram of lactic acid liberated during con- 

traction is actually oxidised, or m other words, 4 4 molecules of lactic 
acid are removed in recovery for each one oxidised 

H the number now found, namely 12 p c , for the delayed anaerobic 
heat be stall attributed to error, a conclusion which we regard as im- 
probable, then the balance sheet is as follows 

Absolute 


Relative calories 

Total initial 1 00 300 

Delayed oxidative 1 60 686 

Total oxidative 2 50 975 


This implies that = 3 94 or approximately 4 molecules of lactic 
acid are removed in recovery for each one oxidised Either of these 



DELATED HEAT PRODUCTION 


209 


Values, 4 4 or 4 0, is m close agreement with Meyerhof’s results in the 
extensive senes of researches he has earned out on the subject 

APPENDIX 

Several analyses were made, usin g the slow acting thermopile, of the rate of delayed 
heat production at 18° C The results usually showed a m axim um rate of about 0 0006 
Initial heat per second, as previously found (1, p 133), but this ma xim um occurred earlier 
than before (at about 80 or 90 seconds after the stimulus) and the fall after the maximum 
was more rapid, making the area of the curve only about half that previously obtained. 

In addition a few experiments were carried ont at 0° C , in this case the m axim um 
rate of delayed heat production was rather less than half that at 18° C and the m axim um 
probably did not occur before 3 minutes after the stimulus in such cases it is impossible 
to estimate the total delayed heat but the form ol the curve lor the first 5 or 10 minutes 
showed that the total delayed heat was not going to be reduced much, if at all, by lowering 
the temperature. 

A further set of experiments was made when the muscle was kept in hydrogen these 
are not so reliable as those m nitrogen, this is partly due to the high conducting power of 
the hydrogen making the deflection curves have an earlier maximum and a much smaller 
area (for the same maximum), and partly because there was a greater proportion of these 
experiments m which there was apparently a large early negative heat and this may have 
been due to some specific effect of the hydrogen, the results of a few good experiments 
seemed to show about the same total delayed heat as in nitrogen, but the maximum rate 
was usually smaller, and at a longer time after the stimulus than when nitrogen was used. 

Lastly, we tried eliminating the oxygen by keeping the muscle in a partial vacuum 
exhausting the muscle chamber until the Ringer s solution boiled at room temperature 
In this case, however we obtained no reliable results, probably because relatively large 
temperature changes were brought about by rapid evaporation from the surface of the 
muscle after stimulation and, further, the difficulties referred to m the case of the hydrogen 
experiments were exaggerated. 

StTMTitA-RY 

1 The delayed anaerobic beat production m muscle has been re- 
investigated A new double-faced thermopile designed to he m contact 
with the muscle on both sides was used m the later experiments 

2 The minimum value of the total delayed anaerobic heat is shown 
to be about 12 p c of the initial heat It is probable that this heat has 
a physiological origin in the normal mechanism of the muscle and is not 
to be attributed to any constant source of error 

3 Acceptmg this value it can he calculated that 4 4 molecules of 
lactic acid are removed m recovery for each one oxidised 

4 An excessii e stimulus, directly applied, may cause a large delayed 
anaerobic heat attributable rather to injury by the stimulus than to 
normal physiological processes 

5 The delayed lactic acid production found by Embden in mnscles 

directly stimulated is probably to be associated with the delayed h 
found under such conditions of excessive stimulation * ^ 
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We are much indebted to Prof A V Hill for his suggestions and 
help during the experiments Our t hanks also are due to Mr A C 
Downing for his construction of the new double thermopile One of us 
(K F ) is indebted to the late Prof Langley and to Prof Barcroft 
for their kind permission to work m the Cambridge Laboratory 
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PROLONGED ALTERATIONS OF OXYGEN PRESSURE 
IN THE INSPIRED AIR WITH SPECIAL REFERENCE 
TO TISSUE OXYGEN TENSION, TISSUE CARBON 
DIOXIDE TENSION AND HAEMOGLOBIN 

By J ARGYLL CAMPBELL 


{From the National Institute for Medical Research, Hampstead ) 

Although a great deal of research has been published regarding the 
effects of acclimatisation to loir 0 2 -pressure in the inspired air upon 
respiration and upon the respiratory function of the blood, there is no 
definite information regarding its effects upon the C0 2 - and 0„-tension 
in the tissues The experiments described in the present paper irere 
undertaken to study this problem near sea-level and also the effects 
of acclimatisation to high 0,-pressuies, employing the method of injection 
of gas for estimations of the tissue C0 2 - and Q,- tensions 

Technique The apparatus (Fig 1) employed was similar to that used 
by Edie(D The chamber was large enough to allow freedom of move- 
ment for the animal (rabbit), the dimensions of the chamber being 
height 61 3 cm , length 60 5 cm , width 15 6 cm , and capacity 169 2 
litres The 0 2 -pressure m the air m this chamber could be kept at any 
desired level, the C0 2 produced by the animal being absorbed by soda- 
lime, fresh 0 2 bubbled into the chamber through a water valve from 
a spirometer containing nearly pure 0 2 (9S p c ) under a small positive 
pressure There was about 2-3 pc of in the spirometer and this 
would have gradually lowered the 0 2 -pressure m the chamber, if the 
capacity of the chamber had not been increased, this was effected by 
means of a reservoir (16 litres) of water connected with the chamber 
by a rubber tube, the necessary amount of water being run out an extra 
amount of 0, was drawn into the chamber from the spirometer to 
counteract the increase of ls 2 In his paper Edie gives the simple 
calculation for the amount of water required to be r un out 

By means of 31 to 1 kilos of soda-lime spread out in a dozen trays 
at the top of the chamber, the C0 2 m the air in the chamber was kept 
below 0 15 p c for more than 5 days when a rabbit about 3 bios was 
living inside Food and water for this period were included and the 
bedding did not require to be changed sooner The food consisted of 

PH LXII 


U 



210 


E FURUSAWA AND W HARTREE 


We axe much indebted to Prof A Y Hill for his suggestions and 
help during the experiments Our thanks also are due to Mr A 0 
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(K F ) is indebted to the late Prof Langley and to Prof Barcroft 
for their kind permission to work in the Cambridge Laboratory 
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forcing gently through the chamber tie necessary quantity of X 2 or 0, 
from a large bag, tie quantity required being determined in preliminary 
experiments 

Tie C0 2 - and 0,- tensions m tie tissues were estimated from tie C0 2 - 
and 0,-tensions in gas (air or if*) injected— m quantities np to 500 c c 
and more— under tie stm and into tie abdominal cavity p) Samples 
could be withdrawn from tie animal within 2 minutes of opening tie 
chamber, no anaesthetics being employed It was observed that, in tie 
experiments under increased 0,-pressure in tie inspired air, tie injected 
gas was absorbed more rapidly, particularly from tbe abdominal cavity, 
than when breat hing ordinary air, tie abdominal cavity had therefore 
to be injected rath larger quantities and more frequently that is ererr 
fen- days instead of every two weeks, this procedure did not affect tie 
results for tensions either under tie skm or m tie abdominal canty 
if tie animal was accustomed to frequent injections and pronded 
samples were not withdrawn before about 40 hours Tie 0,-consumption 
was estimated from tie 0, lost from tie graduated spirometer and from 
tie 0,-content of the chamber at the beginning and at tie end of each 
24 hours, due allowance being made for temperature and pressure Tie 
amount of 0, consumed by tie animal for at least 21 out of each 24 hours 
was obtained and m tie results it has been expressed in c c per minute 
Control experiments indicated that there was no leakage from the 
chamber or spirometer and that there was no significant consumption 
of 0. by the food, etc in tie chamber Haemoglobin was estimated with 
Haldane’s hsemoglobmometer and tie blood cell counts with tie 
Thoma-Hawksley lueinocytometer Tie barometric pressure was almost 
constant at 745-760 mm Hg 

Three experiments were performed on separate animals with low 
0,-pressure in the air and two with high 0,-pressure, employing the same 
animals as for lowered pressure In the case of one animal the experi- 
ment with high 0, was earned out first and in the case of tie other tie 
low 0,-expenment was first completed, where comparable tie results 
confirmed one another 

Limits of alterations in O z -pressure in the inspired air Tilth regard 
to lowered 0,-pressure Edied) stated that a rabbit could survive for 
at least 48 hours whflst breathing 0, at about 42 mm Hg, ? e 6 p c , 
this he considered was the lowest limit for safety dunng such penods 
of time In mv first experiment a rabbit was exposed suddenly to 
0, pressure at about 66 mm Hg (9 4 p c } It exhibited marked hvpei- 
puma, loss of appetite and weight with a gradual fall of 0,-consumption 

14—2 
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a liberal supply of oats and hay, with one small cabbage per week, 
the bedding, placed on a removable tray (not shown m diagram), was 



Fig l 


composed of about 3 cm of sawdust covered with about 2 5 cm of 
loosened hay With this bedding no trouble was experienced in keeping 
the chamber clean for 5 days, although the urine was simply absorbed 
by the sawdust, there was little evidence of ammomacal fermentation, 
only a trace — too small to be estimated — of ammonia was detected m 
the air of the chamber by qualitative test and small basins of dilute 
EsSOt were placed m the chamber to absorb this When the chamber 
was opened at the end of 5 days there was only the odour of hay notice 
able It was necessary to open the chamber about every 5 days to renew 
the soda-lime, food and bedding, but by having two sets of trays this 
could be done in a couple of minutes When an experiment was being 
conducted samples of blood and of injected gas had to be taken from the 
animal, even with this extra work it was possible to put the animal bac 
into the chamber again m about 10 minutes, so that it was only breathing 
ordinary air for this short time 

The desired 0 2 -pressure m the air m the chamber was obtained bj 
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On the whole it remained fairly comfortable for the first 7 days, on the 
seventh day its 0 2 -consumption had fallen by about 25 p c It deve- 
loped tetany on the eighth day and although the 0 2 -pressure m the air 
was raised to 81 mm Hg (11 6 p c ) it died on the ninth day Post-mortem 
examination — 10 hours after death — revealed a certain amount of oedema 
in scattered areas of the lung and a few small areas of necrosis in the 
liver The animal had lost 13 p c of its weight m 9 days From this 
experiment it would appear that sudden exposure to 0 2 -pressure at 
about 66 mm Hg produced a slow and insidious change and that E die’s 
figure of 42 is probably too low a limit for prolonged exposures In 
another experiment, illustrated in Fig 2, the 0 2 -pressure m the air was 



Fig 2. 
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Prolonsed exposure ox Tab tits to high 0»-presstire m tils impmed air 
-as also mitbout exect upon Tie metabolism (Fig 3 and Table H) 
*ppjj5 xs in aureement ltiuL results obtameci for a istt hours exposure (-0 
Tie nsnres m lie tails are no 1- for tasal metabolism. bn co*ex prac- 
ticsliv tie entire peuod of tie experiment 

T»-tt XL BsbLX O (3-4 'E r e) , a-eraze Ljm-K. 

O -rmsKrm : 
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* c. T^r min. 

CAT$ 

141 

SI 7 

7 

SOI 

3*V4 

is 

416 


mi 

166 

-^5 

9 


TTcyji* There mas a gradnal loss of —eight during exposure to 
lom ered O.-pressure m the air mrch a tenderer to return tomards the 
ongmal hgnre The maximum loss mss atom 12 p c during exposure to 
Cd-pressure at sbont 53 mm. Hg (Fig 2) loss of m eight mss made good 
after tne return to normal air iur later the animal lost some meighr 
again loss o: meight m man is a common enem or exposure to high 
altitude Snniladv exposure to high O.-pressure m the air caused a 
maximum loss of atom 12 p c m meight (see Fig 3) after the return to 
normal O.-pressure the animal's memhr gradually returned to normal. 

3b crd red corpuscles Prolonged exposures to altered O.-pressures 
m the am had profound effects upon tne blood. The mam results mdicamd 
that the Hb p c and the red cell count increased as the pressure m the 
air dimmish ed. and cia. r-— sa and that the functions of theHb-controIlinsr 
organs mere regulated by the Cd-con~ent of the blood. The important 
facts trom the experiments illustrated m Figs 2 and 3 are cropped 
together in Table III and Fig 4 
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Tne experiment math kgh O.-pressure using Rabbit 2 -as com- 
menced lOr dam after the ena of the experiment mtth lorn 0. the 
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the 0 2 -pressure is about 53 mm Hg According to Haldane’B figures 
for man (3) the alveolar 0 2 -tension would he about 35 mm Hg, whilst 
breathing air with 0 2 at 53 mm Hg 

With regard to the opposite condition, that is an morease of 0 2 - 
pressure in the inspired air, Lorraine Smith’s experiments ( 4 ) indicated 
that prolonged breathing of 0 2 at 490 mm Hg (70 p c ) or above caused 
pneumonia , in my experiments lower pressures than these were therefore 
employed The results for one of the two experiments performed are 
given in Pig 3, the animal being exposed to 0 2 at about 291 mm Hg 
(41 p c ) for 18 days and then, after 1 day’s interval at normal pressure, 
to 416 mm Hg (60 p o ) for a further 20 days without ill-effects, 291 
and 416 mm Hg pressures of 0 2 represent about 100 p c and 200 p c 
increases above normal for inspired air According to Haldane (3) the 
alveolar 0 2 -tensions would have been about 250 and 370 mm Hg 
respectively, in place of the normal figure 100 

0 2 -consumption In previous experiments with unacchmatised im- 
mobilised animals a sudden decrease of 0 2 -pressure m the air to below 
84 mm Hg (12 p c ) for a few hours definitely lowered (^-consumption (5) 
This was apparently a temporary effect, since in the prolonged exposure 
to gradually lowered 0 2 -pressure no definite effect upon 0 2 -mtake was 
observed (Table I and Pig 2), the figures for some of the periods of 
exposure to low O a -pressure being somewhat above and for others some- 
what below the normal O a -oonsumption, the animal — ordinary quiet 
laboratory type — was feeding and free to move about in the chamber, 
so that the figures were not for basal metabobsm, but they covered at 
least 21 hours for all days throughout the experiment 
Table I Babbit 2 (2 8 kilos) overage figures 


Oj pressure m 
inspired air 

O, consumption 

Duration 

Temp in chamber 

mm. Hg 

o c. per min 

days 

° C 

144 

28 5 

12 

23 3 

85 

20 2 

19 

22 5 

71 

303 

14 

22 9 

53 

27 1 

10 

22 6 

143 

32 3 

11 

21 1 


There did appear to be a slight rise m 0 2 -consnmpfaon as an after- 
effect of the exposure, which persisted for some days, but eventually 
the 0,-cons umption fell somewhat below the original level On ex- 
peditions to high altitudes httle change has been recorded m metabobsm 
of man (Haldane and others («>, Barcroft(T)) Occasionally a nse has 
been reported, but this is usually regarded as an effect of exposure to 
cold 
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Prolonged exposure of rabbits to bigh 0 2 -pressure m tbe inspired air 
was also without effect upon tbe metabolism (Pig 3 and Table II) 
This is in agreement with results obtained for a few boors’ exposure (5) 
Tbe figures in tbe table are not for basal metabolism, but cover prac- 
tically tbe entire period of tbe experiment 


Table IL Rabbit 3 (3 4 kilos), average figures 


Oj pressure m 
inspired air 

mm Hg 
141 
291 
416 
160 


0. coneumpboii 
c.c per mm. 
31 7 
3Q4 
30 1 
29 5 


Duration Temp m chamber 
day* ° C. 

7 22 3 

18 23 5 

20 22 2 

9 23 2 


Weight There was a gradual loss of weight dunng exposure to 
lowered 0 2 -pressure in tbe air with a tendency to return towards tbe 
original figure Tbe maximum loss was about 12 p c during exposure to 
0,-pressure at about 53 mm Hg (Fig 2 ) , loss of weight was made good 
after the return to normal air, but later tbe animal lost some weight 
again, loss of weight in man is a common effect of exposure to high 
altitude Similarly exposure to high 0 2 -pressuie m the air caused a 
maximum loss of about 12 p c in weight (see Pig 3) , after the return to 
normal 0 2 -pressure the animal’s weight gradually returned to normal 
Hb and red corpuscles Prolonged exposures to altered 0 2 -pressnres 
in the air had profound effects upon the blood The mam results indicated 
that the Hb p c and tbe red cell count increased as tbe pressure in tbe 
air diminished, and nice versa, and that the functions of the Hb-controllmg 
organs were regulated by the 0 2 -content of the blood The important 
facts from the experiments illustrated m Figs 2 and 3 are grouped 
together in Table III and Fig 4 


O pressure in 

Red cells 

inspired nu- 

millions 

nim Hg 

per c mm 

53 

95 

71 

9° 

85 

7 5 

144 

5 6 

420 

30 

79 

7 7 

141 

60 

291 

4 2 

41b 

34) 


Table IEL 


Hb p c 

Colour index 

' 120 

0 77 \ 

115 

0 78 

105 

0 86 V 

90 

100 

00 

1 22) 

100 

0 921 

85 

1 00 I 

72 

121) 

55 

1 29 j 


Rabbit 


3 


The experiment- with high 0 2 -pressure using Babbit 2 was com- 
menced 10S days after the end of the experiment with low 0,, the 
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exposure to high 0 2 lasting 4 weeks, and the low 0 2 -pressure experiment 
with Rabbit 3 was earned out 56 days after the high 0 2 -experunent 
It has long been known that a lowered 0 2 -pressure in the air even- 
tually increases the Hb p c and the red cell count independently of 
barometric pressure The opposite that exposure to 0 2 -pressures above 
normal decreases the HI) p c and the red cell count has not been de- 
monstrated, so far as I know, independently of barometric pressure 
Haldane(S) did infer that this would be the case and Adele Born- 
stein (9) demonstrated that prolonged exposure to increased pressure 
of air (+2 atmospheres) m the Elbe tunnel decreased the Hb p c and 
the red cell count by about 20 p c in dogs and a monkey, but she did 
not determine whether this was due to the high barometric pressure 
or to the high 0 2 -pressure, my experiments proved that the latter was 
the case Adele Bornstem thought that the changes m the Hb were 
due to a mere dilution of the blood, although the evidence put forward 
was by no means convincing The question whether the changes in Hb 
and in red cells are, or are not, due to simple alterations m the con- 
centration of the blood has been reviewed by HaldanedO) and by 
Barcroft(U), both of whom hold that there is an absolute increase in 
the Hb-content of the blood on exposure to lowered 0 2 -pressure and not 
a mere concentration of the blood My results agreed with their view 
Thus the changes observed m Hb p c and m the red cell count were not 
at all in proportion, as they should have been if there had been a simple 
concentration or dilution of the blood I found that as the 0 2 -pressure 
in the air increased the colour index — or the content of Hb in each 
corpuscle — also increased (Fig 4 and Table III) It is of interest to note 
that the colour index during lowered 0 2 -pressure resembled that of chlo- 
rosis, whilst during increased 0 2 -pressure it resembled that of pernicious 
anasmia , the change m O a -pressure, however, did not alter the types nor 
the size of the red cells, the reticulated red cells were estimated and 
numbered 8 per 1000 after 4 weeks’ exposure to high 0 2 -pressure m the 
air and 80 per 1000 10 days after return to normal 0 2 -pressure, so that 
on the evidence of this one experiment formation of red cells was re- 
tarded by mcreased pressure of 0 2 , m another experiment lb days 
exposure to low 0 2 -pressure (79 mm Hg) mcreased the reticulated red 
cells from 30 to 75 per 1000 

That there was more than a simple alteration in the concentration 
of the blood during exposures to altered 0 2 -pressure was supported also 
by the time required to establish the changes m Hb p c and red cell 
count and to re-establish the normal conditions after resumption of 
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normal 0,-pressure in the air, several weeks being required m each case 

Other factors indicating an absolute change in the Hb-controlling organs 

vreie the after-effects upon the Oj-tensions in the tissues which could be 

explained by definite alterations in the amounts of Hb m the blood, 

as we shall see later Bed 

cells Colour 



O. in inspired air, mm. Hg 

Fig 4 Relations between Hb p c , red cell count, colour index and 
Oj pressure in the air dnnng prolonged exposures. 


The curves for Hb p c and red cell count when plotted against 0,- 
pressures m the inspired air (Fig 4) exhibit a gradual bend m the region 
below 150 nun pressure , this is perhaps evidence of a mass action effect 
in the sense that a change from 50 to 100 mm has about as much effect 
as a change from 100 to 200 mm ot from 200 to 400 mm 

While corpuscles With Rabbit 2 there was an increase m white cells 
from about 7250 to 10,250 per c mm as the result of exposure both to 
lowered 0 2 -pressure in the an (Fig 2) and to increased 0,-pressuxe , on 
the other hand, Rabbit 3 exhibited no change m the white cell count on 
exposure to high or to low 0 2 -pressuie The effects upon the white cell 
count were therefore verv \ enable 

The differential counts exhibited rather more definite changes, 
lowered 0 2 -pressuie (53 mm Hg) increased the polymorpho-nuclear 
cells, whilst increased 0 2 -pressure (416 mm Hg) decreased these cells 
(Table IV) These changes, however, were not easily reversed, persisting 
for weeks after return to normal 0 2 -pressure The blood samples were 
taken about 110 am from the vein of an ear rendered hypenemic 
by heat, and the figures refer to the last days of each penod of 
exposure to different O.-pressnres Haldane and his co-workers(i 2 ) 
observed in rabbits and m other subjects that the lymphocytes were 
increased at an altitude with about 85 mm Hg pressure of 0, m the air 




218 


J A CAMPBELL 


exposure to high 0 2 lasting 4 weeks , and the low 0 2 -pressure experiment 
with Rabbit 3 was earned out 56 days after the high 0 2 -expe mn ent 
It has long been known that a lowered 0 2 -pressure in the air even 
tually increases the Hb p c and the red cell count independently of 
barometric pressure The opposite that exposure to O a -pressures above 
normal decreases the Hb p c and the red cell count has not been de 
monstrated, so far as I know, independently of barometric pressure 
Haldane(8) did infer that this would be the case and Adele Born- 
stem (9) demonstrated that prolonged exposure to increased pressure 
of air (+2 atmospheres) in the Elbe tunnel decreased the Hb p c and 
the ted cell count by about 20 pc in dogs and a monkey, but she did 
not determine whether this was due to the high barometric pressure 
or to the high O a -pressure , my experiments proved that the latter was 
the case Adele Bornstem thought that the changes in the Hb were 
due to a mere dilution of the blood, although the evidence put forward 
was by no means convincing The question whether the changes m Hb 
and in red cells are, or are not, due to simple alterations m the con- 
centration of the blood has been reviewed by HaldaneOO) and by 
Barcroft(il), both of whom hold that there is an absolute increase in 
the Hb-content of the blood on exposure to lowered 0 2 -preasure and not 
a mere concentration of the blood My results agreed with their view 
Thus the changes observed m Hb p c and m the red cell count were not 
at all m proportion, as they should have been if there had been a simple 
concentration or dilution of the blood I found that as the 0 2 -pressure 
m the air increased the colour index — or the content of Hb m each 
corpuscle — also increased (Fig 4 and Table III) It is of interest to note 
that the colour index during lowered 0 2 -pressure resembled that of chlo- 
rosis, whilst during increased 0 2 -pressure it resembled that of pernicious 
anaemia , the change in 0 2 -pressure, however, did not alter the types nor 
the size of the red cells, the reticulated red cells were estimated and 
numbered 8 per 1000 after 4 weeks’ exposure to high 0,-pressure in the 
arc and 80 per 1000 10 days after return to normal 0 2 -pressure, so that 
on the evidence of this one expenment formation of red cells was re- 
tarded by mcreased pressure of 0 2 , m another expenment 11 days 
exposure to low 0 2 -pressure (79 mm Hg) mcreased the reticulated red 
cells from 30 to 75 per 1000 

That there was more than a simple alteration in the concentration 
of the blood during exposures to altered 0 2 -pressure was supported also 
by the time required to establish the changes mHbpc and red cell 
count and to re-establish the normal conditions after resumption of 
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normal 0,-pressure m the air, several weeks being required m each case 
Other factors indicating an absolute change m the Hb-controllmg organs 
were the after-effects upon the 0, -tensions m the tissues which could be 
explained by definite alterations in the amounts of Hb m the blood 

as we shall see later Red 

cells Colour 
mill", index 

C • 

95 130 

76 104 
5 7 0 78 
38 052 
1 9 0 26 
0 0 

0 50 100 150 200 250 300 350 400 450 

0. in inspired air, nun Hg 

Fig 4 Relations between Hb p c. red cell count, colour index and 
0_ pressure in the air during prolonged exposures 



The curves for Hb p c and red cell count when plotted against 0,- 
pressures in the inspired air (Fig 4) exhibit a gradual bend m the region 
below ISO mm pressure , this is perhaps evidence of a mass action effect 
m the sense that a change from 50 to 100 mm. has about as much effect 
as a change from 100 to 200 mm or from 200 to 400 mm 

Tf/iife corpuscle s With Rabbit 2 there was an increase m white cells 
from about <250 to 10,250 per c mm as the result of exposure both to 
lowered 0 2 -pressure m the an (Fig 2) and to increased 0,-pressure, on 
the other hand. Rabbit 3 exhibited no change m the white cell count on 
exposure to high or to low 0 2 -pressure The effects upon the white cell 
count were therefore very variable 


The differential counts exhibited rather more definite changes 
lowered 0,-pressure (53 mm Hg) increased the polymorpho-nuclear 

^ ° ; ' preSS11ie ^ 16mm Hg) decreased these cells 

(table it ) These changes, however, were not easdr reversed, persistum 
for weeks after return to normal 0,-pressure The blood samples were 
taken about 11 0am from the vein of an ear rendered hyperamnc 
by heat, and the figures refer to the last days of each period of 
exposure to different 0,-pressures Haldane and his co-workers ( 12 ) 
obserxed m rabbits and in other subjects that the Ivmphocvtes were 
increased at an altitude with about 85 mm Hg pressure ot 0 2 m the a« 
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I found a similar change in one case with pressures as low as 71 but not 
lower, the lymphocyte elements, as already stated, being decreased by 
very low 0 2 -pressures and increased by very high 0 2 -pressures 


Tabu: IV White corpusole percentages 


0, pressure in 
inspired air 
mm. Hg 
144 
85 
71 
53 
146 
420 

141 

291 

416 

146 

77 


Polymorphs 
247 
27 0 
16 2 
440 
47 4 
18 8 

201 
26 6 
10 6 
74 
39 0 


Small 

lymphocytes 
62 5 
640 
66 5 

46 6 

47 4 

64 1 

70 9 

65 4 
76 3 
70 1 
402 


Large 

lymphooyt-es 

4 8 
35 
8 1 
1 6 

05 
92 

54 
2 6 
31 
68 
10 9 


Large 

mononucJeare 
8 0 ) 

55 
92 
78 ' 

47 
7 9 

36 
55 
11 1 
15 7 
9 9/ 


Babbit 


2 


3 


GO ^-tensions m the tissues The C0 2 -tensions m the tissues on the 
whole increased as the 0 2 -pressure in the air increased and were controlled 
chiefly by the 0 2 -content of the blood Lowered O a -pressure in the 
inspired air caused a marked fall in C0 2 -tensions in the tissues (Figs 2 
and 5, and Table V), whilst increased 0 2 -pressure caused a slight but 
apparently definite rise m C0 2 -tensions (Figs 3 and 5, and Table V) , 
these results confirm a previous research (5), in which rabbits were exposed 
for a few hours to altered 0 2 -pressures From the graphs m Figs 2 and 3 
it will be observed that constancy had become established, since the 
curves for C0 2 -tensions are practically straight hues in each period 


Table V 



CO, tensions in tissues 


», pressures m 

mm. Hg 



inspired air 

, — - — 

A 




mm Hg 

Skm 

Abd cut 

Rabbit 

63 

20 

19 



71 

24 

22 



85 

33 

31 


O 

144 

47 

40, 



320 

50 

48 



420 

50 

48) 



80 

24 

25 



141 

38 

39 


3 

291 

43 

44 



416 

44 

47 




As with the curves for Hb p c and the red cell count 


the curves for 


C0 2 -tensions in the tissues when plotted against 0 2 -pressure m the air 
(Fig 5) exhibit a marked shoulder m the region of normal 0 2 -pressure 
in the air (about 150 mm Hg), the curve being much steeper at the low 
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values for 0,-pxessures than at the high values The respiratory centre 
is stimulated by a low supply of 0,, so that C0 2 is removed from the 



0. m inspired air, mm Hg 


Fig 5 Relations between CO. tensions m the tissues and 0. pressure 
in the air during prolonged exposure 


tissues and the C0 2 -tensions in the tissues fall, on the other hand, the 
respiratory centre is depressed by too great a supply of 0 2 at high 
0,-presswres m the air and the C0 2 -tensioo rises in the tissues It is 
suggested that 0,-supply is Respiratory X of Yandell Henderson(i 3 ), 
by 0,-supply is meant both 0,-deficiency and 0,-excess Y Henderson 
shoved that 0,-deficiency m itself could not explain all the facts but 
0,-excess appears to supply the necessary missing link , further evidence 
mil be given later on in this paper, that the body strenuously opposes 
excess of 0 5 in the tissues 


Many factors have been credited with a controlling influence npon 
the CO,-tensions m the alveolar air and m the tissues durum alterations 
m 0,-piessure m the an , it is generally agreed that lowered^ 0,-pressure 
m the an increases the sensitivity of the respiratory centre to CO,, thus 
increasing yentdation of the long (Barcroft and others pi)), Yandell 
HendersonflJ) showed that blood alkali is decreased by low 0,, so that 
CO, must be remoyed to keep the pH normal, again, lowered 0,-tensmn 
alters the CO,-dissociation curre of blood, so that CO, would he more 
easdv removed from the tissues (Christiansen ' Douglas and 
HaldaneiW) , also Hb carries almost half the CO, m normal blood and 
more if the lenous blood is completely reduced (Joffe and Poultonnrrt 
Hb also acts as an acid and when Hb is increased this effect would also 
be increased On the other hand, with increased 0 2 -pressures in the an 
e should expect the oppose effects In either case the ventilation of 
the lung is probably the chief factor controlling CO.-tensmns m the wf 
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Som ervell(i8), during the Mount Everest expedition, found the 
alveolar C0 2 -tension to be about 20 mm Hg at 16,500 feet, and about 
8 mm Hg at 23,000 feet in place of the normal figure of about 38 mm 
Hg, the figure for alveolar C0 2 at 16,500 feet fits m fairly well with those 
for the tissue C0 2 -tensions, but that for 23,000 feet seems rather low, 
although I have found considerable differences between arterial C0 2 - 
tensions and tissue C0 2 -tensions(io) in resting animals, these low results 
of Somervell have been criticised because he used rubber bags to hold 
the samples 

0 2 -tensions m the tissues The 0 2 -tensions in the tissues increased as 
the 0 2 -pressure m the air increased, being controlled by the 0 2 -content 
of the blood As with the C0 2 -tensions in the tissues the curves for the 
0 2 -tension in the tissues when plotted against the 0 2 -pressure in the 
inspired air (Fig 6) exhibit a marked shoulder in the region below the 
normal atmospheric 0 2 -pressure (150 mm Hg), the steepest part of the 
curves appearing at the region where the 0 2 -content of the blood is most 
altered, that is, at low 0 2 -pressure m the air (see Fig 7) 
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Fig 0 Relations between Oj tensions in the tissues and O, pressure in the air 
during prolonged exposures 


The details of the chief experiment with lowered O s -pressure m the 
air are given in Figs 2 and 6, and Table VI , those of the chief experiment 
with high On-pressure are given in Figs 3 and 6, and Table VT It will 
be noted that m the later experiment (Fig 3), although the 0 2 -tension 
in the abdominal cavity was qiute definitely increased throughout the 
whole experiment, the 0 2 -tension under the slan was only increased for 
the first days, afterwards falling towards normal , this was probably due 
to local alterations in circulation, eg slowing by constriction of \essels 
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in this experiment, during exposure to Ch-pressure at 4-0 mm g 
the air the 0,-tension under the shin exhibited marked oscillations 
(Fig 3) for a time, probably owing to constriction and relaxation ot 
vessels, this was not observed in the other experiment at the same 
pressure and, moreover, it is obvious from the graphs m Figs 2 and 3 
that, on the whole, constancy for 0 2 -tensions in the tissues had become 

established m each period of exposure 

The relations between tissue Cb-tensions and Hb p c between tissue 
0,-tensions and tissue CO,-tensions and also between tissue C0,-tension5 
and Hb p c were studied. There were close relationships in all cases, at 
least during exposures to low Oj-pressures m the air but the relations 
could not be represented by continuous straight lines over all alterations 
m 0,-pressnres 

Tablz VL 


0 5 tensons in tissues 


0. pressures m 

mm. Hg 


inspired air 

, — 

' 

~ 1 

tun. He 

Skm 

Abd- car 

53 

14 

48 1 


71 

15 

30 j 


S3 

20 

36! 

l 

144 

26 

44 


320 

25 

50 


420 

26 

52, 


SO 

IS 

25 

I 

141 

31 

42 

\ 

291 

41 

5S 

1 

416 

42 

70) 


Rabbit Condition of animal 


Acclimatised 


3 Hist davs of exposure 


In the experiments with lowered 0 ; -piessure it is of interest to note 
at what levels were the 0,-tensions m the tissues when symptoms of £Q- 
eSects, eg tetany, developed. In one nnacclimatised animal marked 
tetany occurred when the 0 2 -tension m the abdominal cavity had fallen 
from 40 to 22 mm. Hg and that under the skm from 25 to 11 mm Hg. 
this animal died In another animal — somewhat acclimatised — symp- 
toms of tetany (slight tremors) deyeloped when the 0 2 -tenaon in the 
abdominal cavity had fallen from 44 to 28 mm Hg and that under the 
skm from 26 to 14 mm Hg (Fig 2) The process was slow and msidions, 
and signs of tetany did not occur for davs after the tensions had fallen 
to these levels, indicating that such low tensions could be tolerated 
for some days without development of tremors and other ill-effects 
However, it was obvious that there was a limit to the period for safety 
during exposure to 0 2 -pressures in the air as low as 53 mm Hg (74 p c ), 
and with the 0,-tension in the abdominal cavity abont 25 mm He, 
rabbits might survive for periods as long as ten days but even if they 
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had been, acclimatised previously to Jess severe degrees of 0 2 -deficiency, 
they were m danger from tetany These results are of interest m con- 
nection with Mount Everest, where the 0 2 -pressure is about 53 mm Hg, 
from the dissociation curve it has been concluded that this figure for 
inspired air must be near the danger point for man, because the blood 
carries only sufficient 0 2 for fairly quiet conditions or for resting 
metabolism 

It was observed (Figs 2 and 6) that, when the 0 2 -pressure m the 
inspired air had been lowered below 70 mm Hg, the rate of decrease in 
the 0 3 -tensions in the tissues became less, probably indicating that the 
body mechanisms were opposing a further fall, since symptoms of tetany 
developed at these low pressures , had the tissue 0 2 -tensions fallen much 
further — that is, below 25 mm Hg in the abdominal cavity — death 
probably would have occurred, the curves for tissue C0 2 -tensions 
(Fig 5) also exhibit a retardation at very low 0 2 -pressures These 
retardations would be expected in any case from the shape of the 0 2 - 
dissociation curve (see Fig 7) 

It was an easier matter by decrease of ventilation, etc , to keep out 
0 2 from the tissues when exposed to increased 0 2 -pressure in the air than 
to bring m 0 2 into the tissues by increase of ventilation, etc , when 
exposed to lowered 0 2 -pressure in the air Thus prolonged increase (by 
196 p c ) of 0 2 -pressure in the air only raised the 0 2 -tension in the 
abdominal cavity by 26 p c and scarcely at all under the skm (Fig 3), 
whereas prolonged decrease (by 63 p c ) of 0 2 -pressure m the air lowered 
the 0 2 -tension in the abdominal cavity by 36 p c and under the skm 
by about 46 p c (Fig 2) The mam reason for this is the shape of the 
0 2 -dissociation curve (see Fig 7), at high O z -pressure m the air the 
change in O a -content of the blood being very small and due only to 
the increase m amount of 0 2 m solution , acclimatisation as will be seen 
later has some influence m the matter 

In the high 0 2 -pressure experiments the animal endeavoured to pre- 
vent the 0 2 -tension m the abdominal cavity remaining much above 
50 mm Hg, in the low 0 2 -pressure expenmen ts this tension was kept 
at about 25 mm Hg, 25-50 mm would thus appear to be the hunts for 
safety 

The interposition of single "control ” days with normal 0 2 -pressure 
m the air during the course of both experiments, illustrated in Figs 2 
and 3, gave confirmation to the results desenbed above, that is, the 
O,- and C0 2 -tensions m the tissues increased as the 0 2 -pressure in the 
inspired air increased, and these effects were observed almost nnme- 
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diately previous experiments (3) for short periods of exposure to altered 
0,-tensions gave similar results 

After-effects of prolonged exposure to lowered 0*-pressme In the 
experiment illustrated in Fig 2 the Ck-pressnre in the air tv as raised to 
normal agam after 43 days of exposure to lowered 0 ; -pressnre 3 important 
after-effects concerned the red corpuscles, the Hb and the C0 2 - and 
d-tensions m the tissues, mdicatmg that the animal was now un- 
acclimatised to the normal Ch-pressuie m the air The red cell count and 
the Hb p c did not return from their high levels to normal for several 
weeks indicating that the Hb controlling orga n s snSered more than a 
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temporarv change, in other words, the production of red cells had evi- 
dentlv been stimulated and tune was required before the normal con- 
ditions could be re-established. 

The C0 2 -tensions in the tissues did return towards normal but re- 
mained below normal level for some weeks (Fig 2 and Table YU), 
probablv because ventilation of the lung remained above normal owing 
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to the respiratory centre retaining for some time its increased sensitivity 
to C0 2 , both the decreased alkali of the blood and the increased Hb 
which acts as an acid would require tune to return to normal, the 
curves for C0 2 -tensions and for Hb exhibited much the same time 
relations in their gradual return to normal (Fig 2) 

The 0 2 -tensions in the tissues returned to normal immediately and 
increased to far above normal (Fig 2 and Table VH) owing to the 
marked increase in Hb, the curves for Hb and for 0 2 -tensions in the 
tissues exhibited much the same time relations, returning to normal levels 
gradually (Fig 2) 

After-effects of prolonged exposure to increased 0 2 -pressure In the 
experiment in Fig 3 the exposure to high 0 2 -pressure in the air lasted in 
all for 38 days , interesting after-effects were observed as the result of 
sudden return to normal 0 2 -pressure m the air again, revealing that the 
animal was unacebmatised now for normal pressure The first effect 
noticed was hyperpnoea , total ventilation of the lung was not recorded 
accurately, but observation of the rate of breath mg (30 p c morease) 
and of the movements of the chest and abdomen indicated definite 
hyperpncea At the same time the C0 2 -tenaions in the tissues were 
markedly decreased, that in the abdominal cavity falling from 47 to 
30 mm Hg and that under the skin hum 44 to 33 mm Hg (Fig 3 and 
Table VIII), the normal C0 2 -tensions for this animal bemg about 
38 mm Hg The C0 2 -tensioiis remained at a low level for over two 
weeks This time the 0 2 -te nsions m the tissues of Rabbit 3 had fallen 
from 53 to 32 mm Hg (a 40 p c fall), whilst that under the sk in had fallen 
from 35 to 25 mm Hg (Fig 3 and Table Vin), the normal figures bemg 
43 and 32 respectively 

Table VHI Rabbit 3 
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In a simil ar experiment with Rabbit 2, the 0 2 -tcnsion under the skin 
fell 44 p c below normal and that m the abdominal cavity 25 p c below 
normal The fall was due to the low Hb p c , since the curves for Hb 
and for O z -tensions on the whole followed one another in then time 
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relations dining then gradual return to normal (Fig 3) The exposure of 
theanrmalto anmcrease of 200 p c in 0,-pressuremthe an had obviously 
altered its whole condition At this high pressure the 0 2 -tenaon m the 
abdominal cavity had become constant at the high level of 53 mm Hg 
—the normal figure being 43 — and it is likely that a simil ar increase in 
(Vtension prevailed in the other central organs, e g brain, spinal cord, 
so that these tissues had now become acclimatised to this high 0,-tension, 
and owing to the fall in Hb they were no longer able to function normally 
on low erin g the 0 2 -piessure in the air to normal again Increased breath- 
ing was necessary, hence the hyperpnoea and the great fall in CCh-tension 
m the tissues The animal was ]ust as handicapped m its endeavours to 
obtain 0, from normal air as was the normal Eabbit 2 when first exposed 
to air with 0 2 lowered to 85 mm. Hg (Fig 2) 

Factors in acclimatisation to loicered 0 2 -pressure in the air 
Haldane(20) holds that secretion of 0 2 by the lungs is necessary to 
explain rapid acclimatisation Barcroftpi) opposes this theory and 
he ( 22 ) enumerates several factors such as increased ventilation, increased 
Hb, change m the dissociation curve (23) and vascular adjustments m 
the medulla Both observers favour the view that m acclimatisation the 
tissue Oj-tension is kept near normal in accordance with Claude Bernard’s 
conception of the maintenance of the normal environment for the cell 
My experiments with prolonged exposure to low 0 2 -pressure give no 
support to the theory that the 0 2 -tensions in the tissues are improved 
greatly by acclimatisation The 0 2 -tensions m the tissues fell markedly 
on the first day of low 0 2 -pressure, and there was no evidence of material 
improvement in tissue O, -tension as each period of exposure to low 
0 : became extended (Fig 2 and Table IX) The normal environment 
for the cell was therefore not re-established, and this is probably why 
individuals are not the same at high altitudes as at sea-leveL 


Table IX. Pabbit 2 
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The chief factor in rapid acclimatisation is the ability of the vital 
tissues (heart, medulla, respiratory organs) to tolerate a lowered 0 2 
tension and to funotion normally, we know that normally the blood 
carries about three times the necessary quantity of 0 2 for resting meta- 
bolism, so there should be a sufficiency of 0 2 if the tissue can tolerate 
the lowered 0 2 -tension In the later stages of acclimatisation increase 
of Hb appears to be the chief factor 

Factors in acclimatisation to increased O^-pressure in the air The 
possible or probable factors are decreased ventilation, change in dis 
sociation curve, vascular changes (Haldane (24)) and decrease of Hb 
Ventilation of lung was not accurately recorded in these prolonged 
experiments, but it was recorded in short experiments, a decrease of 
30 p c being observed whilst breathing 0 2 at the increased pressure 
specified Decrease of Hb was marked in the present experiments, but 
even a fall of 35 p c in Hb and 50 p c m red cell count did not bring the 
Oj-tension in the abdominal cavity down to normal again (Fig 3 and 
Table X), so that here also the normal environment of the cell was not 
re-estabbshed 

Table X Babbit 3 
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42 Normal figures before and after experiment of 

exposure to high O, 

68 2nd day of exposure to 1st penod of high 0« 

63 18th day of exposure to 1st period of nign o 

70 3rd day of exposure to 2nd penod of high 0, 

53 20th day of exposure to 2nd penod of hign t 

It is obvious from these great decreases in Hb and red cells that the 
body strenuously opposes excess 0 2 m the tissues Administration o 
O a therapeutically or at high altitudes can be of no value unless there i 
an actual deficiency of 0 2 under the exisitmg conditions The changes 
on Hb, and m O a - and (^-tensions in the tissues during and aftc 
exposure to greatly lowered 0 2 - P ressure indicate that the body 
completely changed by acclimatisation, and administration * 
individuals acclimatised to very high altitudes is obviously not the 
same thing as at sea-level This probably explains the failure of ad 
ministration of 0 2 dunng the last Everest expedition 

Control of tissue 0,- tension Amongst the possible or probaMe c n 
trollins factors may be mentioned 0 2 -pressure in the air, ( 3 uantlt ^ 

Hb emulation rate and vascular adjustment, diffusion and secretion 
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through the lung, and through the capillary wall m the tissues, and 
0 2 -metabohsm 

From the evidence in this paper the important factors are the 0.- 
pressure m the inspired air and the Hb (Fig 6 and Tables "VH and YIH) 
0 2 -metabohsm appears to be independent of tissue 0 2 -temnon, since the 
(\-consumption remained constant whilst the tissue 0 2 -tensions were 
markedly changed Further, 0 2 -coDsumption and metabolism may be 
greatly changed without affecting the 0 2 -tensionB m the tissues, this 
was demonstrated m four different experiments in which rabbits were 
fed with thyroid extract (1 3 grm per diem, Burroughs and Wellcome 
“Tabloid”) for four weeks Such excessive thyroid feeding caused a 
marked increase in consumption of food and a marked loss of weight, 
but the 0 2 - and C0 2 - tensions m the tissues remained unaltered (Table XI) 


Table XL Babbit 
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In all the experiments completed, when the after-effects due to the 
alterations of 0 2 -pressure in the air had subsided, the 0 2 -tensions in 
the tissues returned to their original normal level These tensions as 
measured are considered to exist immediately outside the cell wall of 
the particular tissue, probably they resemble closely the tensions in 
the venous blood, how closely it is not possible to say 

SmnuET 

(1) Rabbits were exposed for prolonged periods (about six weeks) 
to lowered 0 2 -pressure m the air, as low as 60 p c below normal, and to 
increased 0 2 -pressure, up to 200 p c above normal, the barometric 
pressure being kept at 745-760 mm Hg Such alterations in 0 2 -pressure 

produced more or less gradually — had no effect upon the (^-con- 
sumption ‘ 

(2) Prolonged exposure to lowered 0 2 -pressure depressed the CO„- 
and CL tensions m the tissues to a marked degree and markedly increased 
the Hb and red cells There were marked after-effects upon all these 
factors, indicating the existence of mechanisms concerned with 
acclimatisation 


15 — 2 
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(3) Prolonged exposure to increased 0 2 -pressure slightly increased 
the C0 2 -tensions in the tissues and quite definitely increased the ex- 
tension in the abdominal cavity, the Hb and the red cells were markedly 
decreased Marked after-effects connected with acclimatisation were also 
produced 

(4) The main factor in rapid acclimatisation to lowered 0 2 -pressure 
in the air is the ability of the vital organs (heart, respiratory organs, 
medulla) to withstand a surrounding low 0 2 -tension in their immediate 
environment and to maintain their normal supply of 0 2 There is no 
evidence that acclimatisation raises the tissue 0 2 - tension to anywhere 
near normal again, so that, contrary to Claude Bernard’s conception, 
the normal environment of the cell is not re-established, although un- 
doubtedly the pH is kept almost constant , increase of Hb which occurs 
at a later stage is a factor m the later stages of acclimatisation, probably 
relieving the vital organs in their efforts to supply the necessary 0 2 

(5) Rabbits — previously acclimatised to some degree — tolerated 
7Jp c (53 mm Hg) 0 2 -presaure m the air for as long as 10 days, but 
signs of tetany then became apparent, the 0 2 at Mount Everest is about 
7£pc 

(6) Owing chiefly to the shape of the 0 2 -dissociation curve the 
organism is better able to counteract a high 0 2 -pressure in the air than 
a low pressure, nevertheless, under the former condition the 0 2 -tension 
m the tissues, at least in the central organs, ib much above normal even 
after acclimatisation for six weeks, bo that here also the normal environ- 
ment of the cells is not completely re-established The body exerts marked 
efforts to keep out excess of 0 2 from the tissues 

(7) Decrease of Hb and of red cells is an important factor m the later 
stages of acclimatisation to increased 0 2 -pressure in the air The Hb fell 
from 85 to 55 p o and the red cells from 6 0 to 3 0 millions per c mm , 
the animals exhibited hyperpncea and a marked fall of C0 2 -tensions m 
the tissues — indicating 0 2 -deficiency — on reducing the 0 2 -pressure in 
the air to normal again The 0 2 -suppIy is an important factor controlling 
respiration, excess of 0 2 depressing the centre and an inadequate supply 
of 0 2 stimulating the centre, it is suggested that 0 2 -deficiency and 
O a -excess taken together constitute Respiratory X of Henderson The 
OOj-ten sions m the tissues are regulated chiefly by the 0 2 - content of the 
arterial blood, they increase as the 0 2 -pressure in the inspired air increases 

(8) The function of the Hb controlling organs is regulated chiefly by 
the 0 2 -content of the blood, the Hb and the red cells decreasing as the 
0 2 -pressure m the inspired air increases, considerable time is required 
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f oi the establishment of these effects and foi their reversals indicating 
more than a simple storage or other temporary change The view that 
the alterations m Hb are due to changes m concentration of the blood 
is not supported The colour index of the blood increases as the 0 2 ~ 
pressure m the air increases 

(9) The mam factors controlling 0,-tension in the tissues are the 
0,-pressure m the air m the lungs and the Hb, or in other voids the 
Oj-content of the blood, the 0 2 -tensions in the tissues increase as the 
Hb and the 0 2 -pressure in the inspired air increase The body resists a 
nse of tissue 0 2 -tension m the abdominal cavity to above 50 mm. Hg 
and a fall to below the level 25 mm. Hg 

(10) Excessive thyroid feeding has no effect upon the C0 2 - and ex- 
tensions in the tissues 

(11) It is suggested that lowering of Hb by exposure of an animal to 
increased 0 2 -pressuie in the air may afford a method to test the action 
of drags, etc , upon Hb formation. 
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the rate of distribution of dissolved gases 

BETWEEN THE RED BLOOD CORPUSCLE AND 
ITS FLUID ENVIRONMENT Part I Preliminary 
experiments on the rate of uptake of Oxygen and 
Carbon Monoxide by sheep’s corpuscles 

By H HARTRIDGE, MD.PRS {Fellow of King's College, 
Cambridge) and F J W ROUGHTON, PhD 
(Fellow of Trinity College, Cambridge) 

(From the Physiological and Biochemical Laboratories, Cambridge ) 

Introduction 

During the past three years we have been engaged m applying our 
method of measuring the velocity of very rapid chemical reactions (l, 2) 
to the investigation of the kin etics of the reactions between haemoglobin 
and dissolved gases (8, 4, 6, 6) The quite unexpected success, which has 
attended these researches, has encouraged us to direct our inquiries to 
a problem with more pronounced physiological implications, namely, 
that of determining the rate of distribution of dissolved gases between 
the red blood corpuscle and its fluid environment The interest of this 
problem is not far to seek It has hitherto been tacitly assumed m many 
quarters, though as fax as we know without any adequate experimental 
basis, that the rate of distribution of dissolved oxygen between the 
corpuscle and the plasma is so rapid as to have no appreciable effect 
m limiting the rate of oxygen distribution within the body, and that the 
latter is solely determined by the pressure gradient between the alveolar 
air and the plasma (for external respiration) and between the plasma 
and the interior of the tissue cell (for internal respiration) Even if 
direct measurements of the rate of distribution confirm this tacit assump- 
tion, it would stall be of great interest to know what factors condition 
the observed rate of distribution For example, which is of predominating 
importance, the rate of diffusion of dissolved gas through the corpuscle 
membrane or the rate of the chemical reaction inside the corpuscle 7 It 
would also be of interest to know to what extent these factors are 
affected by changes m other variables such as temperature, pH, salt 
concentration, ion-balance, snbmimmal doses of lakmg agents, etc 
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It must be emphasised at the outset that the in vitro experiments 
to be described below cannot furnish a legitimate basis for deductions 
as to the rate of gas distribution inside the living blood capillary, unless 
it has previously been shown (a) that the concentration of dissolved gases 
at any instant of tune is uniform in all parts of the fluid surrounding the 
corpuscles under investigation 1 , ( b ) that the condition of the corpuscles, 
at any rate as regards the particular property here being studied, is not 
affected by the treatment which they receive pnor to the in vitro ex- 
periment The control experiments necessary to show that requirement 
(a) is properly satisfied have been simple to carry out and seem to us 
to be quite conclusive In regard, however, to requirement {b) it has 
been necessary, not only to devise new and more elaborate apparatus, 
but also to work out to a finish the kinetics of the reactions between 
oxygen, carbon monoxide and haemoglobin in solution The difficulties 
involved m these last two problems have already delayed the com- 
pletion of the present research for a very long time, and indeed seemed 
likely to delay it for some tune to come On this account it has seemed 
to us desirable to submit for publication an account of the preliminary 
successful experiments which we have already earned out This paper 
contains (a) description of experimental details, {b) evidence that the 
suspension fluid surrounding the corpuscles in our experiments keeps 
uniformly mixed throughout, and finally (c) a brief preliminary account 
of the influence of several variables upon the rate of the process under 
investigation 

Experimental Details 


For studying the rate at which reduced corpuscles take up oxygen, 
a solution of 1 p c NaCl saturated with air at barometric pressure was 
mixed with a suspension of reduced corpuscles in 1 p c Nad The mixed 
suspension, after leaving the mixing chamber of the reaction velocity 
apparatusfl), travelled with known speed down the observation tube, 
wherein determinations of the average percentage of 0 2 Hb in the cor- 
puscles at various points were made by means of the Hartndge spectro- 
scope The values of the latter, together with (i) the rate of linear flow, 
(n) the total gas combining capacity of tbe haemoglobin m the corpuscles, 
and (in) the total amount of dissolved 0. per c c of suspension at the 
beginning of tbe process supply all the data required for quantitative 
treatment The following experimental details require special mention 


cJ JtLTT fuU m & lfltcr 11 18 probable that the coo 

centtaUon f dissolved 0, at all pomte mthrn any given cross section of a blood caplllarv 
perpendicular to its length is uniform. ^ ^ 
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(a) The reduced corpuscle suspension 12 litres of warm 1 p c NaCl 
were evacuated in a 20-htre earthenware bottle, shaken by rolling and 
evacuated again, until all the 0 a original ly dissolved in the water was 
expelled A quantity of sheep’s blood, such as to give suitable spectro- 
scopic bands in the subsequent examination of the suspension m the 
observation tube, was also reduced by warmth and evacuation, and then 
added anaerobically to the vacuous 12 litres of 1 p c NaCl The two were 
then mixed by a few rapid shakes Up to this point the technique was 
the same as that already used for the preparation of large quantities pf 
reduced haemoglobin solution (5) In order, however, to prevent the 
corpuscles by virtue of their higher specific gravity from settling to the 
bottom of the bottle during the course of the experiment and thus causing 
irregular readings m the observation tube, it was necessary to keep the 
bottle containing the corpuscle suspension continually rocked. This 
requirement precluded the direct application of compressed commercial 
nitrogen to the suspension, since this gas always contains sufficient 
oxygen as an impurity to re-oxygenate the corpuscles to a considerable 
extent In order to cope with these difficulties the arrangement shown 
in Fig 1 was adopted The details are sufficiently explained by the letter- 
press at the foot of the figure 


Leading to 
mixing chamber 


Fig 1 A = cylinder of compressed nitrogen. .6 = 20 litre bottle filled initially with dilute 
alkaline hydroaulphite (7=20 litre bottle filled initially with ohemically purified 
nitrogen. D = 20 litre bottle half filled with reduced corp uncle suspension, the 
remaining space being initially vacuous, and afterwards replaced by pure N, 
E = rooking cradle 

(b) Possible Inking of corpuscles Although the suspension fluid 
employed (1 p c NaCl) was markedly hypertonic to sheep’s blood cor- 
puscles, it was feared that the violent handling experienced by the 
corpuscles m the mixin g-chamber and the observation tube might cause 
appreciable htemolysis In order to find out whether any lakmg had 
taken place, portions of the effluent were set aside and allowed to stand 
for some hours In all the experiments quoted m this paper, it was found 
that the corpuscles gradually settled, leaving a colourless layer of super 
natant solution, thus proving that no laking had occurred In a few 
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cases (especially if the temperature was above normal or if tbe blood 
used was not quite fresb), varying amounts of haemolysis were noted 
Experiments m wbicb this occurred were discarded 

(c) The determination of the p c Oflb Preliminary observations 
showed tha t the reversion spectroscope method used hitherto (4) for the 
determination of the p c OJTb in haemoglobin solution, was also available 
even when the haemoglobin was still enclosed in corpuscles Owing, 
however, to the scattering of light by the highly retractile walls of the 
corpuscles, it was necessary to use a brighter source of light for the 
spectroscopic examination, to have the solid angle subtended at the 
spectroscope slit larger, and also to have a higher concentration of blood 
m the suspension than m haemoglobin solutions The absorption bands 
were always more blurred in the case of the corpuscle suspension than 
in the case of haemoglobin solutions, so that the accuracy of alignment 
of the bands and consequently of the p c 0 J3b determination were 
correspondingly reduced 


Experimental Results 

The result of a typical experiment on a corpuscle suspension is shown 
by curve A m Fig 2 



Fig 1 A =unlaked corpuscle suspension. S=laked corpuscle solntion. 


Cune B represents the average result obtained under otherwise 
similar conditions {eg same initial concentration of dissolved 0 
same gas combining capacity of hemoglobin, same temperature etc)' 
with a lahed hemoglobin solution It will be observed that the rate 0 f 
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increase of p c O s Hb is about ten times smaller when the corpuscles 
are intact than when the corpuscles are laked 

The discrepancy between the rates of the two processes may be 
a prion due to any of the following factors acting singly or m com- 
bination 

( l ) The existence of appreciable concentration gradients in the bus 
pending fluid 

The 0 2 which is acquired by the corpuscle must come, in the first 
instance, from the layers of suspending fluid adjacent to the corpuscles 
The loss suffered by such layers will then be replenished by diffusion 
and by mixi ng with more distant layers The latter two processes may 
be sufficiently slow to limit or at any rate to affect the rate of the actual 
process under investigation 

(n) The existence of an appreciable concentration gradient through 
the corpuscle membrane 

We have as yet no certain quantitative information either as to the 
thickness or the diffusion coefficient of the corpuscle membrane There is 
consequently a possibibty that the O s on the outside of the membrane 
may dam up, until there is a sufficient gradient through the membrane 
to enable 0 2 to enter the corpuscle at a rate equal to that at which it is 
removed by combination with the haemoglobin 

(m) The existence of an appreciable concentration gradient inside 
the corpuscle 

The 0 2 which first enters the corpuscle will combine with the 
peripheral layer of Hb molecules The next instalments of 0 2 will 
have to diffuse through the outer saturated layers in order to find Hb 
molecules which are still uncombmed with 0 2 It is possible that such 
diffusion may, as in (u), be so slow as to produce an appreciable gradient 
of dissolved 0 2 inside the corpuscle 

Any of factors (i), (n), (in) acting singly or in combination would 
involve a lower value of the average concentration of dissolved 0 2 m 
immediate contact with the Hb molecules m curve B of Fig 2 than m 
curve A There still, however, remains 

(iv) The possibibty that the kinetics of the reaction between 0 2 
and Hb in the corpuscle may be so altered that even at the same average 
concentration of dissolved 0 2 the rate of increase of p c 0 2 Hb may be 
ten times smaller m the case of the corpuscle than in the case of the Hb 
solution 

As mentioned in the Introduction, we have so far only been able to 
investigate factor ( 1 ) adequately 
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"We shall now present m detail the evidence that the concentration 
gradients of dissolved 0 2 m the snspending fluid are negligible m size 

The evidence required was obtained by means of the following control 
experiments 

( 1 ) Variation of the rate of flow The blank circles in Fig 3 were the 
values obtained at a rate of flow of 75 cm per sec down the observation 
tube, whereas the shaded circles represent the values obtained on the 
same corpuscle suspension at a rate of flow of 225 cm per sec It will 
be seen that the blank circles and the shaded circles both fall (within 
experimental error) on the same curve Now in heterogeneous processes 
winch are limited by diffusion and mixing 17), the observed rate depends 
upon the rate of stimng, and indeed, m many cases, is approximately 
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Tune m seconds 
Fig 3 


proportional to the fth power of the latter Had diffusion plus muring 
of the suspending fluid been the limiting factor here, the observed rate 

should in one case have been about i e 2 41 times the observed 

rate m the other case 


(n) Fan/mp methods of stimng The results obtained with lets 
delnenng radially into the mixin g chamber were the same as those 
obtained with the usual tangential arrangement, although the type of 
fluid motion unparted to the suspension was quite different m the two 
cases (Fig 4) Either the violence of fluid motion must have been in 
both cases sufficient to maintain complete mixing of the suspending fluid 
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or have been in both cases inadequate to exactly the same extent, which 
latter seemed rather an improbable coincidence 



4 8 12 

wo 100 i oo 

Time m seconds 


Fig 4. 

(in) Additional stirring by means of COEb corpuscles Part of the 
stirnng of the suspension Quid must be due to the irregular motion of 
the corpuscles It was therefore thought that the addition of further 
corpuscles which were prevented from taking part m the 0 , uptake, 
might yet, owing to their starring aotaon, mcrease the observed velocity 



Time in second* 


Fig 5 
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of uptake of 0, by tbe corpuscles which do take part in this process 
One experiment was first earned out in the usual way To the aerated 
1 p c hlaCl was then added a quantity of blood, which had been shaken 
with the minimum quantity of carbon monoxide necessary to saturate 
the haemoglobin The experiment was then repeated as before, with the 
exception that the COHb auxiliary trough usually employed in the 
spectroscopic determination of p c 0 2 Hb was omitted, for its role 
was now fulfilled by the CO-saturated corpuscles During the short 
time occupied by the suspension in the observation tube it was not 
possible, owing to the slow rate of dissociation of COHb, for any appreci- 
able amount of CO to leave the one set of corpuscles and to enter the 
other set, and thns obstruct the uptake of 0 2 , the CO-corpuscles therefore 
functioned merely as additional stirrers In spite of such additional 
stirring, the observed rate of 0 2 uptake as shown in Fig 5 was not 
affected 

(iv) Repealed mixing test The suspension fluid emerging from the 
m ix i n g chamber, must, according to our previous tests, be completely 
mixed a 2 ) If, however, concentration gradients develop during the 
subsequent passage down tbe observation tube, and thus retard tbe rate 
of 0» uptake, it should be possible to accelerate the latter temporarily 
by giving the fluid a second mixing after it had passed through a certain 
length of the observation tube To achieve this end, a special apparatus 
with two mixing chambers m senes was constructed The experimental 
details will be desenbed elsewhere (8) One experiment was performed 
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in the usual way, and a second one with the rate of flow and interval 
between the two mixin g chambers so adjusted that the p c 0 2 ITb in the 
corpuscles had had time to reach about 30 p c , when the fluid arrived 
at the second mixing chamber The results of the two experiments are 
given m Fig 6, inspection of which fails to show that the second mixing 
produces any acceleration in the rate of 0 2 uptake 

The results, then, of these four tests, seem to us to demonstrate quite 
unequivocally that any gradients of (0 2 ) set up m the suspending fluid 
during the course of the process under examination are of negligible 
magnitude 

Fubther Experimental Results 
The remaining observations will be presented briefly as their signi- 
ficance has not yet been worked out 

(i) Variation m the initial concentration of dissolved oxygen A three- 
fold increase in 0 3 increased the rate of 0 2 uptake about two-fold (Fig 7) 
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Fig 7 


(u) Increase of temperature The reduced corpuscle suspension at 
19° C was mixed with 

(а) 1 p c NaCl at 13° C Final temperature = 1 6° C 

(б) 1 p c NaCl at 45° C Final temperature = 32° C 

The value of the oxygen concentration m the final mixture was 
arranged (by shaking with suitable gas mixtures) to be the same in (a) 
as in (6) No difference m the rate of 0 2 uptake at the two temperatures 
could be detected 
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(m) Increased 
uptake between co 


concentration of Nad No difference m rate of 0, 
rpuBcle suspensions in 1 and 2 p c Nad respectively 


was found , , __ , 7 

(iv) Comparison of the rate of uptake of 0._ and of CO by corpuscles 

Fig 8 gives the result of a single pair of comparative experiments upon 
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Fig 8 


the rate of uptake, by the same reduced corpuscle suspension of 0 X and 
CO respectively The initial concentrations of dissolved gas were, in the 
two cases, arranged to be the same It will be noted that the ratio (rate 
of CO uptake) (the rate of 0, uptake) is about 1 2, instead of being 

1 12, which is the value usually found for this ratio m the case of 

haemoglobin solutions (6) 

These preliminary experiments clearly open up a whole range of 
further interesting inquiries, but before embarking on these, we feel it 
essential to settle the two questions already mentioned (a) Which of 
the three intermediate processes (t e diffusion through the corpuscle 
membrane, diffusion through the outer layers of the corpuscle, chemical 
reaction inside the corpuscle) is limiting the rate of the final process 
which we observe 2 (6) How far can the results obtained on the corpuscle 
suspensions in vitro be applied to the corpuscle tn tiro 2 Until the latter 
question has been answered it would he premature to publish detailed 
calculations and deductions as to processes occurring in the blood 
capillary All we can say at present is that, if the above results hold good 
for the corpuscle in ttco without modification, then onr calculations 
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show (a) that the rate of 0 a distribution within the capillary is so rapid 
as to have normally no appreciable limiting effect on the rate of 0 t 
uptake by the blood in the lung, (b) the CO which enters the lung 
capillaries, during a determination of the diffusion constant of the 
lung by the Bohr-Krogh method (9, io) cannot be distributed to the 
haemoglobin molecules m the corpuscles fast enough to prevent the back 
pressure of dissolved CO m the plasma reaching appreciable dimensions 
In consequence the diffusion constants calculated by the Bohr-Krogh 
method would be too low 

Summary 

The rate of uptake of dissolved 0 2 by corpuscles has been measured 
by means of rapid reaction velocity methods A suspension of reduced 
corpuscles was mixed with Nad solution containing dissolved 0 i( 
and the subsequent entry of 0 2 into the corpuscle followed by applying 
the reversion spectroscope to various points of the observation tube 
Four control experiments, performed in different ways, all showed that 
the suspending fluid during its progress down the observation tube kept 
itself so well mixed that the observed rate of increase of p c 0 2 Hb must 
be a measure of the rapidity of events taking place in the corpuscle 
alone A preliminary account of the effect of varying dissolved 0 3 
concentration, temperature and NaCl concentration is given The rate 
of uptake of CO under parallel conditions was found to be about one-half 
the rate of uptake of 0 2 Further work is m progress to decide how far 
these results are applicable to the study of the rate of gas distribution 
inside the living blood capillary 

Our best thouka are due to the Medical Kesearoh Council, not only for defraying part 
of the costs of this research, but also for providing us mth a private assistant who has 
enabled ns to reduce considerably the time taken by each experiment. 
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and the subsequent entry of 0 2 into the corpuscle followed by applying 
the reversion spectroscope to various points of the observation tube 
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itself so well mixed that the observed rate of increase of p c O s Hb must 
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THE REGULATION OF THE ENERGY OUTPUT 
OF THE HEART 

By E H STARLING and M. B YISSCHER 

(From the Department of Physiology and Biochemistry, 

University College, London ) 

Past I The influence of mechanical factors 
Experiments earned out in this Laboratory have shown that in an 
isolated heart, beating at a constant rhythm and veil supplied with 
blood, the larger the diastolic volume of the heart (within physiological 
limits) the greater is the energy of its contraction It is this property 
which accounts for the marvellous adaptability of the heart, completely 
separated from the central nervous system, to varying load, to which 
attention was first called by Cohnh eim So important is this property 
of the heart for the processes of adaptation and compensation m the 
healthy and diseased organ that it was called by one of us “the law of 
the heart ”(i) and regarded as a special instance of the law connecting 
energy of the contractile process with the initial length of muscular fibre 
(B1 ix{ 2), A. Y Hillpi) The law as stated above applies only so long as 
the -physiological state of the cardiac muscle can be regarded as unim- 
paired As the heart tires it has to dilate continuously in order to main- 
tain its mechanical performance constant, so that the heart in situ 
becomes inefficient, i e unable to carry on the circulation at the previous 
output and artenal pressure, so soon as further dilatation is prevented 
by the heart, during diastole, coming up against the pericardium (4) In 
such a case freeing the heart from the pericardium will allow it to con- 
tinue its function and to carry on the circulation as efficiently as before 
for a certain further penod of time It was shown by Lovatt Evans(5) 
and his fellow-workers that any increase in the work thrown upon the 
heart m the heart-lung preparation, whether by increasing the artenal 
resistance or by augmenting the inflow mto the heart, caused a corre- 
sponding increase in the gaseous metabolism of the organ, whether 
measured by oxygen intake or by C0 2 output It was therefore assumed 
that the increased energy of contraction incident on greater diastolic 
volume was attended by and due to increased chemical change Thus 

PH LXIL 
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the amount of this latter should also be a function of the initial length 
of fibre, as has been shown to be the case for voluntary muscle, 
when the total chemical change is measured by the heat production (6) 
Direct proof of this relation was lacking In Lovatt Evans’s 
experiments no direct measurements were made of the pulmonary 
arterial pressure or of the coronary flow — both of them highly variable 
factors when the work of the heart is altered by changing the inflow or 
the arterial resistance- — while alterations m the volume of the heart were 
inferred by the rough method of observing changes in the level of the 
blood in the venous reservoir of the heart-lung apparatus It seemed to 
us that the gaseous metabolism of the heart was of sufficient importance 
to deserve remvestigation by improved methods, profiting by the in- 
creased knowledge of the mechanical factors involved m the heart beat 
which have been brought out by subsequent investigation and measuring 
directly those quantities which had been simply inferred m Evans’s 
experiments 

In this present investigation we have confined our attention to the 
oxygen consumption of the heart, since this serves as a sufficient measure 
of the total energy set free in the heart during its activity It is a neces- 
sary condition of the continuance of the activity of the heart that the 
process of oxidative recovery during the diastolic period keep pace with 
the anaerobic breakdown which previously occurs during systole The 
measurement of the oxygen consumption of the heart is thus equivalent 
to a measurement of the total heat production during the periods of 
contraction and recovery 

Cardiac muscle offers certain advantages over other forms of muscle 
for such a study One is the ease of maintaining an adequate circulation 
through the muscle of a blood well oxygenated, in which the pH and the 
C0 2 content are maintained constant In the heart-lung preparation 
the frequency of the beat, provided the pH of the blood is constant, 
depends only on the temperature of the pace-maker, so that by keeping 
the temperature of the entering blood constant, we can be assured of a 
regular rhythm throughout the whole of the experiment It is easy, 
moreover, to maintain the work of the heart constant, or to alter it 
•within very wide limi ts by changing the inflow or the arterial resistance 
Finally, the heart may present great variations m diastolic volume and 
therefore m initial length of fibre within the physiological limits of its 
activity, accompanied by only minimal alterations m initial tension 
Previous work on the gaseous exchanges of the heart have not 
succeeded in establishing definite relationships between the mechanical 
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conditions nndei which the heart is placed and its oxygen consumption 
The work of Evans and his collaborators has shown that as the work 
of the heart is increased its oxygen consumption nses In different 
experiments, however, the relation between the work done and the 
oxygen consumption was extremely vanable, and thev failed to establish 
any definite relation between the volume of the heart and its oxygen 
consumption Experiments such as those of Rohde(>) m which the 
mammalian heart is fed by saline solutions are not adapted to solve the 
questions at issue, though this method may yield results when used with 
a cold-blooded heart Observations on the oxygen consumption of the 
cold-blooded heart have been made by Weizsacker(S) and by 
LuscherO), and we shall show later that the data obtained by Luscher, 
when recalculated, tend to confirm the conclusions arrived at by us as 
the result of experiments on the dog’s heart 


Methods A new and simple method for the studv of the oxvgen consumption of the 
heart-long has been devised. In principle it consists of a measurement of the decrease in 
the volume of air in a dored system circulating air to and from the longs removing the 
CO. continaooJv while special precautions are taken to prevent variations m the volume 
of residual air in the lungs themselves after each deflation. The latter is achieved by the 
simple expedient of allowing the lungs to deflate themselves by their own elastic tension. 
Several other methods of achieving this end were tried, bnt none of them was found 
satisfactory each introducing large errors There are several posable emirs m the method 
of allowing the longs to deflate themselves The first is that the elastic tension of the long 
itself mav change over a period of time. This has not been made the subject of a special 
stndv in this work because it has been possible to cancel out the posable effects of change 
m volume by repeating identical observations at various steps m almost all experiments 
hut if very long periods of observations on one preparation were to be conducted with 
the method here described it would become necessarv to allow for the changes in the 
elastic tension of the lungs. Lung cedema would be a source of great error m our measure 
ments if it were not so easy to detect the beginning of it upon our records. In fig 1 is 
shown a portion of a record of an experiment in which cede m a of the lungs occurred. Just 
after the point A there can be seen a change m the slope of the oxvgen consumption record, 
and from that pomt the slope becomes more precipitous, VTe have always found lung 
oedema to have a rapid onset like that illustrated. The detection of such a change is never 
in doubt, and when it occurs an experiment must be terminated immediately The beating 
of the heart freed from the pericardium against the lungs tends to make the spirometer 
record uneven and difficult to measure, and m such cases we have found it nec essar y to 
fix the heart m a cardiometer m order to obtain consistent results. A further precaution 
we have found essential is to ensure against any portion of the lungs being collapsed at the 
time of beginning an experiment. It is perhaps needless to sav that the lungs must not 
be handled, or even touched, durmg the course of a measurement. It is apparent that 
very many errors must be guarded against- if this method is to be found sensitive and 
satisfactory, and it mav be well to mention that we spent four months 
of error before anv useful data were obtained. purees 

/ _. In 9 ' le if 1 ’, the evstem employed is as follows a smrie cvimder pnmn 

(Fig _ B) of variable stroke volume (Palmer’s “ideal” respiration pinpj'was mJTtbe 

16—2 
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Pig 1 Showing a portion of the spirometer record of an experiment in whioh cedema of 
the lungs occurred. The paper was moving from right to left, and the time signals 
mark each 10 secs. We always measure from the lowest points on the spirometer 
tracing, as thoy are muoh more regular than the highest points. Just after point A 
the slope loses its previous steady character and from that point on becomes steeper 
and steeper, corresponding with the development of the lung oedema. 



Fig 2 Details of the respiration system employed, described in the text 
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cylinder, piston and valves of which wore verv accnratclv ground to prevent anv po'sibUi v 
of leakage at the pressures which come into plav m fillinc the lrmg' Air comes to t e 
pump through the valve A from the spirometer F of 300 cc. capacitv, and is expell. 
through valve C into the lungs, through the forked tracheal cannula D VTlnle the pump 
is forcing air into the lanes the valve E is closed. As soon as the inflation i« compete E is 
opened and the lungs deflate themrelves Thev force air into F, which is partiaUv ated 
with soda lime, as in the Krogh apparatus, to absorb the CO. given np in the lung” 5 The 
spirometer float has a recording lever which writes on a moving paper, as also do a pis .on 
recorder connected with the cardiometer, and a manometer float The svrtcm nsed is snch 
that 1 mm. fall of the writing lever corresponds to a decrease of approximately 2 5 c.c. in 
the volume of the system. The change in volume during a single observation period was 
never less than 50 c-c. Such a volume can be measured with an error of less than 5 p.c. 
smee it involves making only two measurements each accurate to 1 mm. Pepeated measure 
ments alwavs fell within that limit, and usually within •} mm. The latter gives a total error 
of 21 p.c. on a measurement of 50 cm. A rather troublesome complication in measuring 
changes of volume resulted from the use of a lever writing on the are of a rather small 
circle at different positions of the lever a given fall corresponds to different volume changes 
since it is the arc and not the perpendicular that is direetlv proportional to the volume 
A correction must be made for the difference. The amount of the correction vanes from 
0 to 10 p c. of the total value, the exact amount depending upon the angle the lever makes 
with the horizontal. The smaller the angle the less the correction. 

The heart-lung preparation wus made in the usual wav |K.nowltonandStarlingPD)) 
except that it was converted into a closed svstem to prevent loss of gases from the blood. 
This was done bv using a collapsible rubber sleeve, immersed m a warm water bath, as 
the venous reservoir (A similar svstem has been employed bv Dalv(U) for another 
purpose.) A further change in the ordinary technique of the heart-lung preparation was 
the insertion of a Stolmkow stromuhr in the pulmonary arterv In order to avoid clotting 
in the stromuhr this was done after the heart lung circuit had been established. The 
Stolnfkow stromuhr has been described, m the form used bv Anrep(12) In order to 
measure the volume of the heart a Henderson cardiometer has been employed, fitted with 
a special rubber sleeve of verv thin material, which lav snnglv against the heart and made 
an absolutely air tight seal around the ventricles without compressing the atrioventricular 
nng The volume change was recorded with Palmer s large glass piston recorder VTe 
have measured only the volume of the ventricles, since the atna make np less than 10 p.c 
of the weight of the heart, and it seemed reasonable to simplify the problem bv neglecting 
the influence of changes m that small fraction of the total metabolism of the heart upon 
the final values. Ultimately it mav become necessary to reckon with it, but with the present 
methods, involving a possible error of 5 p c m metabolism values the error involved may 
prohahlv he neglected. 


!Ye have of necessity included m our measurements of oxygen consumption of the heart 
the oxvgen nsed bv the lungs themselves. If the metabolism of the lungs does not alter 
under the experimental conditions we have used, as the work of Evans and Starling03) 
indicates, we are justified m assuming it a constant m a given experiment The metabolism 
o the lungs therefore, appears a3 a constant value added to the real oxvgen consumption 

o the heart It wfll in no wav interfere with the validity of interpretations or calculations 
we have made. “ 


In our experiments on the effect of mechanical factors on the energy output -we 

-f h fc ;■« r h -'- *■* o. 

work has shown that the hydrogen ion concentration m the blood, its CO ennW .T? 

,« , PP!raU , dTO3 „ ”, 
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the first quarter hour This preliminary period, we have never employed for oxygen measure 
ments 

The pulmonary arterial pressure 'was measured by a saline manometer, connected with 
a branch from the cannula in the pulmonary artery The aortic pressure was measured by 
a mercury manometer In both cases the mean pressure was taken as the basis of the 
calculations of the work done by the heart. 

Results The general plan of all oui experiments was to determine 
whether any relation could be established between the consumption of 
oxygen by the heart and the mechanical conditions of its beat The 
resistance to the contraction is deter min ed by the pressures m the 
pulmonary artery and aorta, so that alterations m these pressures would 
cause corresponding alterations m the maximum pressures attained in 
the ventricles during the process of contraction The work of the heart 
depends on the output and on the arterial resistance and can be altered 
therefore by varying either of these two factors The diastolic volume of 
the heart will be increased by any increase m either or both of the factors, 
arterial resistance and venous inflow The results of our experiments 
are presented m graphic form, each figure given being a sample of 
several experiments which yielded corresponding results 

We may deal first with the influence of changes in arterial resistance 
In a heart in good condition alterations m the arterial resistance cause 



Aortic pressure, cm i l'jO Aortic pressure cm H a O 

Fig 3 a Fig 3 6 

Fig 3 Fig 3 a shows data on the oxygen consumption of a heart whose total output 
was kept constant at 375 c c. per min , while the aortio pressure was changed Tho 
points are numbered in thoir time sequence The oxvgen consumption is observed to 
increase or decrease with the corresponding changes in aortic pressure 

Fig 3 6 shows data from another heart whose output was changed as well as tho 
aortio pressure In this experiment there is no proportionality whatsoever visible 
between aortio pressure and oxygen consumption. 
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corresponding alterations in the oxvgen consumption o{ the heart 
The results of one such experiment are shown m Fig 3 a in which 
changes m the artenal pressure are plotted against changes m the total 
oxygen consumption of the heart lung preparation The figures over 
the dots representing the oxvgen consumption indicate the order m 
which the observations were made It will he seen that the increase in 
oxygen consumption is, within the limits of the observations directly 
proportional to the increment in aortic pressure Since the isometnc 
part of the intracardiac pressure curve is determined by the artenal 
resistance it might he thought that here we had a direct relation between 
the pressure attained in the isometnc portion of the curve and the oxygen 
consumption Reference to Figs 3 b and 4 shows however, that the 
aortic pressure by itself is not the determining factor In the expen- 
ments, the results of which are given in Fig 3 b the venous inflow 
instead of being maintained constant as in Fig 3 a, was altered and 
now it will be seen that there is no relation at all between the aortic 
pressure and the oxygen consumption. "With increasing inflow there is 
a corresponding mcrease m the pnlmonarv artenal pressure but the 
relationship between oxygen consumption and artenal resistance is not 
altered if with varvmg inflow, as m Fig 4 we plot the oxvgen con- 
sumption against the sum of the pressures m the pnlmonarv artery and 
aorta respectively 



Pressure sum cm. H.0 

Fig. 4. Data of an experiment trp eel of manv others’ shoring that the pressure 

rorem t ^‘ menCal ^ ° f th “ P°taonarc artenal and the aortic p-esmres, do~s not 
govern the oxvgen consumption of the heart. ^-rasimes, does not 

In the experiment given m Fig 3 a, since the inflow into the heart 
was maintained constant, alterations m the resistance were 
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to alterations in the total work of the heart, and if we multiply resistance 
by output so as to obtain the work of the heart and plot this figure 
against the oxygen consumption, as has been done in Fig 5 a, we find 
a definite relation between oxygen consumption and the work We may 
see from this and other experiments that as the total work of the heart 
increases there is a corresponding increase in oxygen consumption The 
oxygen usage seems to increase more slowly as the work rises to a maxi- 
mum, so that it would seem that the efficiency of the heart under these 



Fig 5 a Fig 5 

Fig 5 Figg 5 a and 5 6 present data from an experiment m which the work of the heart 
was varied by numerous changes in output and pressure T bo outputs ranged from 
200-1200 oo per nun. and the pressures from 80-120 mm Hg 

Fig 5 a shows the work done plotted against the oxygen consumed In calculating 
the work of the heart the velocity factor was neglected The direct correspondence 
between tho two is vory definite in this experiment. 

Fig 5 h shows data from the same experiment, showing work plotted against the 
diastolio volume of the ventricles The volumes are expressed as x + known values 
The x represents tho lowest value of tho volume during the oxpenment, which is 
impossible to measure when a cardiometer is used to record heart volume Tho cardio 
meter enables one to measure only an increase over this minimum value Tho figure 
shows a direct correspondence botween work do no and ventnoular volume 

conditions is higher at heavy than at light loads A similar conclusion 
was arrived at by Evans In the experiment given in Fig 5 a the 
volume of the heart was recorded throughout the experiment, and in 
Fig 5 6 the alterations m diastolic ventricular volume are plotted against 
the work done by the heart in kilogram metres per hour It will be eeen 
that there was a steady nse in the diastolic volume as the work thrown 
upon the heart increased, whether this increased work was due to altera- 
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tions in the arterial resistance or in the cardiac output (The absolute 
ventricular volume was not measured The volume x indicates the smallest 
diastolic volume obtained throughout the experiment, and the increments 
of this volume are plotted along the abscissa against the total external 
work of the ventricles as obtained bv multiplying the total output into 
the mean pulmonary and arterial pressures respectively ) In Pig G the 



i x +10 x +' , 0 x +C0 

Hiastolie Tentacular volume c.c 


lig. 6 Shows the orvgen consumption of a heart plotted against its diastolic Tentacular 
volume. This figure is plotted from data from the same eip»nmeat from which 
Figs 5 a and 5 6 are taken. In the ventricular volumes r= the lowest volume obtained 
during the experiment. JIanv variations of pressure and output were emploved. The 
changes m orvgen consumption are seen to varv directly with the changes in diastolic 
volume at all stages of the experiment. 


oxygen consumption of the heart from which Figs 5 a and 5 b were 
taken, is plotted against the diastolic ventricular volume, a direct 
proportionality is to be observed between the oxygen consumption and 
the increments m diastolic volu m e These experiments thus lead us to 
the conclusion that the adaptation of the heart to increased load, whether 
due to raised artenal resistance or increased output, is effected by dHata- 
tion of the heart, this dilatation with the resultant increased diastolic 
length of fibre being responsible for an increase m the total energy set 
free at each contraction of the heart muscle 


Our study of the volume and the oxygen consumption of the heart 
under these varvrng conditions thus tends to confirm concluaons alreadv 
arrived at by Anrep as a result of experiments on the cold-blooded as 
weU as on the mammalian heart, namely, that the diastolic volume of 
he heart depends, not on artenal resistance or on venous inflow alone 
but in every case on the product of these two factors, namely, the external 
work done by the heart at each contraction 7 
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These results, however, apply only to a certain proportion of our 
experiments In others, such as that of which the results are given in 
Figs 7 a and 7 b, the relation between the oxygen consumption and 



Clone 

work done by the heart or between the work 

stoke volume, seems to be entire y ran g00 d condition and 

given m Figs The test 

remam m good condition ^ J^^olume of the heart remain at 
for “good condition is that the dias ^ , lrvnq n f m fl 0 w and arterial 
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and the rate at -which this dilatation occurs is ninch increased by further 
increase m the strain to which the heart is subjected These are the 
conditions under which the random relationships between work, oxygen 
consumption and diastolic volume, such as those shown m Figs 7 a and 
7 b, are obtained One relationship, however, remains unaltered during 
this process of deterioration of the physiological condition of the heart 
muscle, namely, the relation between diastolic volume and oxygen 
consumption In the experiment of which the results are given in Fig 8 
the work done by the heart was maintained constant for a period of 
four hours During this time the heart dilated continuously, the dilata- 
tion affecting both diastolic and systobc volumes so that the output at 
each beat and the total work remained constant The oxygen consumption 
also increased steadily, so that, when the oxygen consumption is plotted 
against the diastokc ventricular volume, we find an approximately 



Diastolic ventricular volume, c.c. 
Fig 8 



Fig 9 


Fig 8 In the experiment here shown the arterial pressure was held constant at 100 mm 
Hg and the output at 450 c.c per min. over a period of 4 hours The figure shows 
that there was an increase m oxygen consumption concomitant with and proportional 
to the degree of dilatation of the heart during the experimental period. 

Fig 9 Showing the direct proportionality between increments in diastolic ventricular 
volume and in oxygen consumption in the same experiment from which Figs 7 a and 
7 b are taken. The correspondence between heart volume and energy liberat'd, even 
when the work done bears no constant relation to either, is very st riking 


linear relation between the oxygen consumption and the increment in 
diastohc volume And the same relation is found when the work of the 
heart is varied m the course of the experiment In Fig 9 the diastolic 
volume in the experiment of which the results are given m Figs 7 a and 
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7 b, ib plotted against the oxygen consumption, and here we find that 
the random relationship has disappeared and that increase m oxygen 
consumption goes pan passu with increase in diastolic ventricular volume 
And in all our experiments similar relations are to he observed (Fig 10) 



Diastolic ventricular volume, 0.0 

Fig 10 Showing data from another experiment simil ar to that m Fig 9 Wide variations 
of arterial pressure and oardiao output were used. The direct proportion between the 
ohanges in diastolio volume and those m oxygen consumption is again to be noted. 

Provided that the other conditions of the heart mnscle, e g temperature, 
composition and pH of circulating blood be maintained constant, the 
oxygen consumption by the heart increases and diminishes with the 
diastolic volume of the heart Throughout a long experiment it is possible 
to keep the diastolic volume constant by gradually reducing the load, 
and it seems immaterial for the purpose whether this reduction be 
effected by diminishing the inflow or by diminishing the arterial resist- 
ance, provided the artenal resistance is sufficient to maintain an adequate 
flow of blood through the coronary arteries Under these conditions it 
is found that the oxygen consumption of the heart remains at a constant 
level 

Thus, among the mechanical factors of the heart beat which we have 
studied, the diastolic volume, ie the initial length of the cardiac 
muscular fibres, seems to be the determining factor for the oxygen 
consumption of the heart, t e for the total energy set free at each con- 
traction It is interesting that a similar conclusion may be deduced 
from the experiments of Lhscher on the frog’s heart, the only ones 
recorded in the literature m which an accurate measurement of ventri- 
cular volume has been made simultaneously with a measurement of 
oxygen consumption Liischer believed on a prion grounds that the 
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oxygen, consumption of the heart shonld he directly proportional to the 
pressure and the ventricular volume He therefore sought to find if the 
ratio — were a constant He found as much as 30 p c 

pressure x volume 

variation in the value of the ratio and considered this a fair agreement 
in spite of the fact that he vras able to reproduce quantitative results 
•with an accuracy of 10 p c 

Apparently it did not occur to him to test the relationship between 
simply the ventricular volume and the oxygen consumed For if one 
takes his published data (Exps 1, 2 and 3 m Table VH, p 120) and 

determines the value of the ratio f enta cd^olnme one finci8 to 
constant to within 10 p c for a given heart These values are shown m 
Table I 

Table L 


Table stowing the constancy of the ratio 


O t used 

ventricular volume 


in liUBcher’ s experiments 


, , 0, nsed , , , 

on the frog a heart, and comparing it with the ratio > '’™ich he 

considered a satisfactory constant. Each experiment was upon a separate heart, 
and he gives only two determinations on eaoh heart The second ratio is seen to be 
nearly constant for each heart 


Exp 

no 

O. used 

O, nsed 

pressure x volume 

volume 

1 

74 

5-9 


98 

54 

2 

7 5 

7 3 


10 0 

71 

3 

8 8 

73 


10 7 

70 


The facts here presented enable us to give greater precision to the 
general relationships formulated as the law of the heart, namely, that 
within physiological limits the larger the volume of the heart the greater 
are the energy of its contraction and the amount of chemical change at 
each contraction We can now state that under all conditions of load, 
output and fatigue the total energy liberated at each beat is determined 
by the diastolic volume of the heart and therefore by the muscle-fibre 
length at the beginning of contraction This inter-relation between 
physical dimensions and the amount of chemical change taking place 
is the explanation of the adaptability of the isolated heart with respect 
to its load Under physiological conditions, te so long as the functional 
capacity of the heart muscle remains unchanged, the mechanical energy 
of the heart s contraction, as measured by the work it can do, will 
increase or diminish with the total chemical energy liberated Thus under 
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these conditions we may say that the work done by the isolated heart 
at each beat is determined by its diastobc volume As the heart tires 
or as its physiological capacity diminishes m the course of a long expen 
ment, especially when it is given a heavy load, the heart has to dilate 
more and more in order to carry out the work This dilatation, as we have 
seen, is associated with an ever-increasing oxygen consumption, so that 
the relation of the mechanical work done by the heart in its contraction 
to the total energy liberated becomes continually smaller Fatigue of 
the heart muscle or diminished physiological capacity is therefore 
determined, not by a diminution in the total energy liberated, but by a 
diminution m the mechanical efficiency of the muscle regarded as a 
machine, tern the proportion borne by the mechanical work to the 
total energy liberated 

On a previous occasion one of us has defined tone of the heart as 
“synonymous with physiological condition or fitness of the muscle 
fibre” and its measure as “the energy set free per unit length of muBcle 
fibre at each contraction of the heart ”(i) This statement is only correct 
if we insert the word “mechanical” before “ energy set free ” Probably 
a more correct definition of tone would be the mechanical efficiency 
of the muscle fibre, i e the relation of the mechanical energy to the 
total energy liberated the latter, as we have seen, does not change with 
fatigue but only that portion of it, which can be utilised for the per- 
formance of work 

The conclusions we have formulated only hold good so long as the 
chemical and temperature conditions of the heart muscle are maintained 
constant We have no evidence as yet as to the action of alterations in 
the pH of the circulating blood, which are known to cause changes m 
the diastolic volume and the rhythm of the heart, but we have definite 
evidence that adrenaline increases the energy output of the heart at a 
given fibre length This it does proportionately at all fibre lengths, so 
that the relation of energy hberated to initial length of fibre still 
persists, the only change being that the oxygen consumption at any 
initial fibre length is increased as compared to the heart without 
adrenaline 

Till now we have given no experimental evidence that the systolic 
volume of the heart is not a factor in determining energy liberation 
One can, by suitable manipulations of inflow and arterial pressure, alter 
the diastolic volume, holding the systolic constant When one does so, 
the oxygen consumption is not constant, but vanes in proportion to t e 
diastolic volume On the other hand, one can keep the diastobc volume 
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constant and change the systolic, when one finds that the oxygen con- 
sumption does not change but remains steady with the diastolic volume 
Data on this point are presented m Table II 

Tab le n 

Table showing measurements of the oxygen consumption of the heart and of the volume 
of its ventricles in systole and in diastole By suitable manipulation of venous inflow 
and arterial pressure the diastolic volume was changed without altering the systolic 
volume, and nee rcr>a It is seen that the oxygen consumption docs not vary with 


systolic volume, but lollop tbe diastolic volume of 

the ventricles. 

Pul 


Oxygen 

Systolic 

Diastolic 

Cardiac 

Aortic 

monnry 


consump- 

ventricular 

ventricular 

output 

pressure 

arterial 


tion 

volume 

volume 

c c per 

cm 

pressure 

Experiment 

c c /hr 

C.C. 

c c. 

beat 

H.O 

cm H.O 

19 m. 1926 

240 

x 4* 5 

x+ 7 6 

1 3 

150 

14 


462 

x+ 5 

z+14 

45 

SS 

35 


23S 

x+ 5 

i+ 7 S 

14 

65 

16 

22 in. 1926 

772 

T «*- 10 

1 + 154 

27 

216 

23 


70S 

x+ 4:4 

x + lCO 

6 S 

10S 

27 


Past II The influence of the heart rate 

In a study of the influence of the heart rate upon the energy cost of 
cardiac activity two important questions present themselves First, is 
the energy output per beat, at a given diastolic fibre length, constant 
at all heart rates 2 And second, does the mechanical efficiency of the 
heart vary with the heart rate 2 

No satisfactory answer to either of these questions has been arrived 
at by previous work EvansfU) experimented with changes m heart 
rate produced by altering tbe temperature of tbe heart, and found the 
oxygen consumption per beat mcreased at higher temperatures, at which 
the heart rate is mcreased It is impossible to interpret that result, 
however, because the heart dilates at higher temperatures and hence 
one should expect a greater oxygen consumption on the basis of the data 
presented m Part I Moreover, the effect of temperature upon the speed 
of the chemical processes m muscle contraction is not sufficiently well 
understood to permit one to compare beats at two temperatures under 
the assumption that they should be alike except for the rate In fact 
the work of Hartree and HillfiS) upon heat production in stnated 
muscle makes such a comparison appear to be invahd Evans recognized 
the complexity of the problem and did not attempt to draw a general 
inference regarding the relation between rate and the enerev outwit 
per beat from bis findings “ 
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We have tned to solve the problem of the relation between heart 
rate and oxygen consumption per beat by changing the heart rate at a 
constant temperature, and by taking into account diastoho volume of 
the ventricles 

Methods We have experimented with a number of methods of altering the heart rate 
We have attempted to “drive” the heart by faradio stimulation of the sino auricular 
node at a rate faster than the normal rhythm. That method was found unsatisfactory, 
for most hearts are unwilling to “follow” at a pace appreciably higher than their own. 
One frequently obtains partial contractions at eaoh stimulus, when by oompanng the 
blood pressure with the myographic record of aunonlar oontraotaon one finds that only 
half or a third of the beats are effective m expelling any blood from the ventrioles. There 
is not actually a heart block since inspection of the ventrioles shows that they are con 
traoting at eaoh stimulus, but only partially It Is highly improbablo that Buoh weak 
contraotlons would have the same energy output as a normal one, and consequently we 
have been forced to adopt other methods. Pilocarpine was tned, and although it reduces 
the heart rate satisfactorily, it has a stimulating action upon the bronchioles, contracting 
them and hindering deflation of the lungs, thus making metabolism study by the method 
we employed impossible. The method of altering heart rate whioh we have found Batia 
factory is that of vagal slowing It has not been posaiblo in the heart-lung preparation 
to stimulate the vagus nerves electrically for any length of time after the preparation is 
mode. Consequently we kept the brain of the animal alive by perfusing it by means o! a 
second heart-lung preparation. As Anrep and Starlmg(16) and Anrep and Sogall(17> 
hove shown, it is possible to slow a heart by inareasing the blood pressure m the brain. 
By means of the separate heart-lung we were able to vary that pressure, and consequently 
the heart rate, at will. There is no connection between the olrouJations in tbe brain and the 
heart-Inng of the same animal, consequently the oxygen consumption of tho brain was not 
included m that of the heart-long The heart rate was reoorded by myographic registration 
of the aunonlar contraction upon a rapidly moving dram In determining the rate every 
beat in a period was counted. The oxygen consumption of tho heart-lung preparation was 
measured as described in Part I. The heart-lung preparation was mado in the some manner 
as before, except that the Stolnikow stromnhr was piaoed in the aortic oireuit instead of 
in the pulmonary artery In that way we were unable to measure tbe coronary blood 
flow That inability appeared to be of small consequence for this study So far as the 
first question wo have tried to settle is concerned, the cardiao output is of no consequence, 
for the second question the possible coronary flow changes are of some importance, for 
Anrep and Segall, in work as yet unpublished, have shown that tho ooronaries arc 
oonstnoted under vagus stimulation and hence the coronary flow is decreased. That effect 
is not large as compared with the total volume of blood oar hearts put out, which was over 
700 o.o. por minute, exclusive of the coronary flow We kept the arterial pressure constant 
and hence tho most important regulator of coronaiy flow was held steady Tho possible 
effects of the changes in coronary flow will be discussed under the results. 

Results When the diastolic heart volume is held constant by ad- 
justing the output, and the heart rate altered by central vagus stimula- 
tion of the innervated heart-lung, the total oxygen consumption per 
unit time is slightly less than at the higher heart rate The relevant data 
from the exp erim ents performed are given m Table III 
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‘ Table TIT. 

Table showing the oxvgen cotVimpbon of the heart per beat at low and hifib heart rates, 
at a constant diastolic volt ) ne. The low rates were produced by central xngus rtunnla 
bon of an innervated heail lung The oxygen consumption per beat is higher at low 


. rates than at high- ( 1 




\\ ^ 

0 * CL T U^ Tr ^f > t 

Heart rate 

O t consumed per 


per hour 

beats per 

beat per minute 

Experiment 

C.C. 

minute 

per nour e c 

28 v 1926 

320 

107 

3-00 


335 

125 

2 63 


2S0 

92 

3-00 

3 xl 1926 

333 

103 

323 


356 

12S 

2 7S 


Tlie concordance of the data m these experiments in which we have 
eliminated any sonrce of confnsioii from heart volume changes makes it 
very probable that m realitv a heart puts ont less energy per contraction 
at the same initial fibre length when contracting frequently than when 
contracting less frequently 

In support of this belief we may say that expenments upon changes 
m rate by temperature, by dnving, and by pilocarpine, all yield the same 
result We have not placed complete reliance upon any of these other 
methods, for reasons outlined above, but when one obviates the diffi- 
culties in each, as we have been able to do somewhat satisfactorily, the 
end result always shows the same fact, namely, that the oxygen con- 
sumed per beat is higher, the slower the heart rate We feel that the 
vagal stimulation expenments are the only entirely satisfactory ones, 
and we are, consequently, merely mentioning the other results as con- 
firmatory evidence 

With regard to the efficiency of doing work at various heart rates 
we have found, as Table IV shows, that the heart uses somewhat less 
oxygen to do a given amount of work when the rate is slow than when it 
is rapid 

Table IV 

Table showing the influence of rate trpon the efficiency of the heart under a constant load. 
The heart volume increased as the heart rate decreased in consequence of the fact 
that the heart had more work to do per beat. In each experiment the load pnt upon 
the heart was the same at high and low rates The aortic pressure was 120 mm 
and the aortic output about 700 c-c. per mm m each case 


Experiment 

O; consumed 

Heart rate 

Diastolic ventricular 


e.c./hr 

beats/mm. 

volume C.C. 

Eemarks 

28 v 1926 

325 

151 

X 


275 

490 

92 

16S 

x — 9 
x-f 3 

Vagal strmulabon 

3 vl 1926 

320 

107 

x-^9 5 

Vagal stimulation 

414 

128 

x 


333 

103 

x — 15 

Vagal stunulabon 


17 


FH Lxn 
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It was mentioned before that our failure to measure the coronary 
blood flow m these experiments makes them slightly imperfect, for 
there is the possibility of a 5 p c decrease in work done during the vagal 
excitation Thus the decrease in oxygen consumed per uni t of time under 
vagal inhibition may not represent quite so large an increase in absolute 
efficiency of the heart Even allowing for a 5 p c change m the total 
work, which is ample to cover the possibilities, the hearts would still 
have been considerably more efficient at the low rates than at the high 
Thus it appears that slowing the heart is a means of making it more 
efficient in carrying the small loads that it has to do when the body is 
at rest, normally This is true m spite of the fact that each beat is more 
expensive at a given fibre length at slow rates than at more rapid ones 
It implies that the saving effected by making each contraction do more 
work, and hence be more efficient mechanically, is more than enough to 
counterbalance the other effect 

Conclusions (Part I) 

1 Under all the conditions we have studied, the oxygen consumption 
of the isolated heart, maintained under constant chemical and tempera- 
ture conditions, is determined by its diastolic volume, and therefore by 
the initial length of its muscular fibres This rule applies whatever the 
physiological condition of the heart During the whole of an experiment 
the oxygen consumption at a given diastolic volume is always the same, 
whatever the work that the heart is performing at this volume 

2 In a heart functioning well, as at the beginning of an experiment, 
every increase or decrease m work done by the heart, is accompanied 
by a proportional increase or decrease in diaBtobc volume The diastolic 
volume is constant for any given amount of work, whatever be the inflow 
and the arterial resistance This is in confirmation of An rep’s findings 

3 It follows from (1) and (2) that any increase m the work demanded 
of the heart is met by a corresponding increase m the oxygen consumption 
of this organ, consequent on the increased initial length of its muscle 
fibres 

i This interrelation between physical dimensions and the amount 
of chemical change taking place is the explanation of the adaptability 
of the isolated heart with respect to its load But as the heart tires, 
and its functional capacity decreases, its mechanical efficiency is 
diminished ic although the total energy (as measured by oxygen 
consumption) liberated at any given mitral length of fibre remains un- 
changed, the fraction of this energy which can be utilised for the per- 
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formance of -work progressively diminishes To do the same amount of 
vrork the heart has therefore to dilate continuously, and the work is 
maintained constant at an ever-increasing cost m total energy 

5 The oxygen consumption of the heart has no relation to the 
systolic volume 

6 There is evidence that adrenaline increases the oxygen consump- 
tion at a given fibre length, without however altering the general 
correspondence between changes in diastolic volume and in oxygen 
consumption 

Conclusions (Part II) 

1 At the same diastolic length of fibre, a heart uses more oxygen 
per beat when contracting at a low rate than at a high 

2 Slowing the heart enables it to do a given amount of work per 
unit time more economically 
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AUTOMATIC SAMPLING OF ALVEOLAR AIR, 
PARTICULARLY FOR MEASUREMENT OF 
THE CIRCULATION WITH ETHYL 
IODIDE VAPOUR 

By YANDELL HENDERSON 

(From the Physiological Laboratory, Cambridge ) 

For measurement of the circulation of the blood by means of ethyl 
iodide, it is essential to determine not only the rate of absorption of the 
vapour from the lungs but also the concentration of the vapour m the 
alveolar air It is the average concentration throughout the respnatory 
cycle, inspiration, expiration, and pause that is required During quiet 
breathing, the fluctuations in the amount of CO s m alveolar air probably 
amount to about 5 p c , the pressure rising from a low point of 38 mm 
to a high of 40 mm As ethyl iodide vapour has a coefficient of distribu- 
tion, or solubility, only a little less than that of C0 2 in blood, as shown 
m the slope of the CO* dissociation curve, its fluctuations should be of 
about the same extent 

Haldane and Priestleyfl) considered that the mean alveolar C0 2 
is most nearly estimated by averaging the amounts m samples from a deep 
expiration at the end of normal inspiration and another deep expiration 
at the end of normal expiration Dautrebandep) supports this opinion 
on the basis of analyses of the arterial blood On the other hand, 
Bock and Field(3) conclude from their observations that the pressure 
of C0 2 in the last part of a deep expiration after normal expiration tallies 
almost exactly with the pressure of C0 2 m a sample of artenal blood 
drawn equally during all phases of the breath 

An automatic method of sampling the last of each normal expiration 
has been devised by Henderson and Haggard(4), and is used as a part 
of the method of measuring the circulation by means of ethyl iodide It 
requires no co-operation or voluntary effort on the part of the subject, 
other than to breathe through a mouth-piece and valves (5) Most 
persons over-breathe to some extent for two or three minutes after 
a clip is placed on the nose and a tube m the mouth, so that at first 
samples of air somewhat low m CO. are obtamed But increasing 
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experience shows that this initial excess ventilation soon vrears off, and 
that respiration of normal amount returns vnthin about five minutes 
in all except especially nervous and excitable persons Even in such 
cases, once the subject’s attention is diverted from his own breathing, 
the respiratory centre resumes its normal subconscious control Indeed 
this method of obt ainin g alveolar air is so much less bable to — what we 
may call — psychological error than that of voluntary deep expiration 
that at least for all clinical purposes, and most experimental as well, 
the former may advantageously replace the latter The fact that the air 
samples thus automatically obtained agree m their content of CO. 
with those by the classic technique has been confirmed by Corderoit), 
working in the laboratory of Prof Erlanger, and by several other 
investigators (7) whose results will probably be published nearly con- 
temporaneously with this paper Samples of air taken from the end of 
normal expiration by means of electrically controlled valves have been 
used previously also in place of air from deep expiration by Krogh 
andLmdhard(6), Boothby and Peabody(9), Loeb(iO), Trendelen- 
burgOO, Schallps) and by Clark-Kennedy(i3) 

At first thought such automatic samples from the last portion of the 
air issuing from the mouth during normal expiration would seem likely 
to afford the highest concentration of CO., and the lowest concentration 
of any inhaled vapour, such as that of ethyl iodide, that would occur 
during the fluctuations m the composition of the alveolar air during the 
respiratory cycle More careful consideration, however, leads to a very 
different opinion, namely, that the last portion of a normal expiration, 
at least during quiet breathing, probably affords more nearly the average 
composition than any other single alveolar sample 

To show how this is true let us suppose that during inspiration and 
expiration the air flows m and out at a uniform rate, say 250 c c per 
second Suppose also that the dead space is one-third of the tidal volume, 
and that all of this one-third issues first from the mouth in the first third 
of expiration to be followed by the two-thirds of expiration composed 
of alveolar air In successive portions of this two-thirds the pressure 
of CO, would be continually rising and the amonnt of ethyl iodide falling 
The essential point to realise is that the air passing out of the month 
at the very end of such an expiration actually left the lungs when ex- 
piration was only two-thirds complete Furthermore, iu such schematic 
breathing as is here suggested, the nse of CO, and fall of ethyl iodide 
m the air remaining m the lungs would continue through the first third 
of the succeeding inspiration, for outside air would only begin to reach 
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the lungs after the air m the dead space at the end of expiration had 
been drawn back into them Thus the automatic sample at the end of 
normal expiration would consist of air from the l ung s at exactly the 
middle of the period— composed of all of expiration and the first third 
of inspiration, or two-thirds of the whole cycle — during which the 
pressure of 00 £ would continually nse and that of ethyl iodide would 
correspondingly fall 

In actual operation normal breathing is not so schematic Yet the 
real events, as nearly as they can be pictured, seem to contain no element 
to invalidate the conclusion that the automatic sample of air comes 
from the lungs at a 'time very near the middle of the period between the 
end of one inspiration and the access of an appreciable amount of fresh 
air to the lungs in the succeeding inspiration This would make such 
a sample more nearly the average of the alveolar air than either one 
obtained by the classic procedure, provided only that the tidal volume 
is sufficient to sweep out the dead space completely 

In order to put this matter to experimental test a Siebe Gorman 
mouthpiece with Rosling valves, an arrangement with a negligible dead 
space, was used Between the valves and just beyond the expiratory 
valve small outlet tubes were attached leading to the automatic sampling 
device, essentially as for the circulation method The air inspired was 
drawn from a large spirometer in which the usual amount of ethyl iodide 
vapour was mixed with the air On the expiratory side of the mouth- 
piece beyond the valve a glass tube of 20 mm interior diameter and 
35 cm length was attached At the far end of this tube a second ex- 
piratory valve was placed Until the final expiration this valve was held 
slightly open 

After the subject (the writer) had breathed through this arrangement 
of apparatus for 7 or 8 minutes, so as to afford a reliable fillmg of the 
sampling tube of the automatic device, he made the deepest possible 
voluntary expiration The last portion of this expiration remained m 
the glass tube between the two expiratory valves, which were now both 
closed This air was drawn off directly through the U-tube of iodine 
pentoxide for analysis The deep expiration was made in some cases at 
the end of normal inspiration, in others immediately after normal 
expiration At first discordant results were obtained in these determina- 
tions (last two columns of table) owing to the tendency of ethyl iodide 
vapour to condense or dissolve, on the surfaces of rubber tubes and 
valves Sampling a deep expiration in the expiratory tube itself, although 
necessary m this case, involves considerable experimental variations 
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On the other hand, in duplicate determinations oi the automatic samp e 
dose agreement was found As the concentration of ethyl iodide vapour 
m the inspired air varied from one experiment to another, it. is only the 
amounts of ethyl iodide, expressed here m hundredths of a cubic centi- 
metre of thio, within each separate experiment that are to be compared 


Typical data are as follows 


Experiment 

No 

1 

2 

3 

4 

5 

6 

7 

8 


Automatic 

sample 

78 

73 

101 

84 

80 

60 

95 

61 


Samples from deep expiration 

, * , r - ' 

End of inspiration End of expiration 

So 13 

SO — 

105 — 

_ 80 


Average relations 100 


10S 


96 


During the first six of these experiments the volume of air breathed 
was approximately 8 4 litres per minute and the rate 12 per minute, 
with a tidal volume therefore of 700 c c In the last two experiments 
the breathing was voluntarily quickened to 24 per minute while the 
volume was allowed to adjust itself without any appreciable degree of 
over- or under-breathing The volume per minute rose under these 
conditions to about 11 litres, and the tidal volume was about 460 c c 
No symptoms of oxygen- want due to inadequate ventilation of part of 
the lungs, m the maimer described by Haldane, Meakins and 
Priestley (14), occurred m this subject Such symptoms would indicate 
conditions m which automatic sampling would not be valid Their 
absence certifies that all parts of the lungs axe nearly equally ventilated 
and that the conditions are therefore suitable for the application of 
automatic sampling 

Conclusion 

Automatic sampling at the end of normal expiration dunng quiet 
breathing at rest may be expected on theoretical grounds to afford very 
nearly the average alveolar air, and this expectation is apparently m 
accord with the facts Furthermore, for most practical purposes, auto- 
matic sampling of the alveolar air for C0 2 (on the basis of data here 
reported only m general) as well as for ethyl iodide vapour has consider- 
able advantages over the classic method of voluntary deep expiration 

My hearty thanks are due to Prof Barcroft for the hospitality 
of his laboratory, and to Dr Hartndge and Mr Henry Barcroft 
for assistance in assembling apparatus 
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OBSERVATIONS ON THE CONTRACTILITY OF 
LACTEALS Parti By HOWARD FLOREY 

{From the Department of Anatomy, Cornell Medical School, New Yorl ) 

Gaspak Aselli m his original observations upon LactealsCB (1622) 
noted that they became empty after death 

Hewson in his work on the lacteals(2) (1769-70) remarked con- 
traction of these vessels in birds Shelden, about whom little is knovm, 
also -wrote m the latter half of the eighteenth century describing the 
contractility of the lymphatics of the neck of the dog(3) Tiedemann 
and Gmelm noted that “one ligature provoque le resserrement 
du vaissean en aval, son gonflement et sa dilatation en amont,” -while 
Colin made the same observation for the horse (3) Bowman and Todd 
found that the thoracic duct contracted slowly to a mechanical stimulus, 
while B6clard extended this observation to electrical stimuli (3) More 
complete observations were made by HellerW (1869) and those re- 
ported now, made before the present writer was aware of Heller’s 
paper, confirm his statements fully, while somewhat extending them 
Heller’s observations appear to be in danger of being forgotten, for 
no important English text-book of recent date mentions them, though 
they are noted in Tigerstedt’s Handbuchfc) Foster’s Textbook of 1877 
and Schafer’s of 1898 mention them, but m Foster’s work they are 
condemned for lack of proof that the rhythmical contractions are in- 
dependent of peristalsis 

The apparatus used has been described already in another article (6) 

It is one m which the animal and the microscope is placed in a 
box constructed so as to maintain the heat of the preparation at about 
37° C The magnifications used were 20, 80 and 550 diems 

Observations earned out on mammalian mesentery are complicated 
by the fact that movement is imparted to it by the rhythmical respiratory 
movement, the peristalsis of the gut and the pulsations of the artenes, 
especially where they form S-shaped bends 

The respiratory movements are satisfactorily damped m these small 
animals by placing them in a fairly tightly fitting trough, having only 
a small rectangular opening for the withdrawal of the gut 
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In the rat, peristalsis causes slight inconvenience, m the guinea-pig 
it is at times troublesome, but some preparations are obtained m which 
the gut is quiescent 

Preparations also vary in the degree of disturbance from the arterial 
pulse No satisfactory way has been found to eliminate this, but it is 
always possible to select a lacteal for observation where this disturbing 
factor is negligible 

The mesentery of the guinea-pig is extraordinarily transparent and 
has the great advantage of being, very often, almost entirely free from 
fat That of the rat contains much fat, but in nearly all preparations it 
is possible to find portions of lacteals free from it The lacteals of the 
rat present the convement feature of coursing at a greater distance 
from the blood vessels than m the gumea-pig The fat absorption, after 
a meal, in the rat, rendering the vessels more visible, makes it possible 
to see the activities of the lacteals m spite of a considerable investment 
of mesentenc fat 

The guinea-pig The essential and most striking feature of the activity 
of the lacteals m this animal is the rhythmical contractility of the vessels 
by means of which the lymph is actively pumped towards the thoracic 
duct 

The systole of this movement is a diminution of the diameter of the 
vessel together with a longitudinal shortening, this disturbance being 
propagated m an orderly manner along the vessel m the direction of the 
mesentenc glands This movement appears to be of the nature of a rapid 
peristalsis moving along the vessel, these disturbances occurring from 
8-10 times per minute, though as high as 22 times and as low as twice 
per minute have been noted The time intervals between each individual 
contraction are not absolutely regular, a difference of 2-3 seconds being 
common Sometimes a prolonged pause of some 15 seconds occurs 
Vessels lying near one another usually have the same rate of rhythm, 
though portions in the same microscopic field do not necessarily have 
their systole simultaneously 

The peculiarities observed immediately after the preparation is set 
up will be mentioned later in dealing with the effects of cold and warmth 

The duration, at any one point, of this activity, t e systole and return 
to pre-systohc condition, is about one to one and a half seconds The 
amplitude of contraction is very variable — a diminution to one-third 
the diastobc diameter being frequently noted Interspersed between the 
contractions of large amplitude are smaller ones which sometimes appear 
as a mere flicker of the wall It would appear that the ampbtude of 
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contractions and the tune intervals between contractions are dependent 
on the amount of fluid forced in from behind, for with careful focussing 
it can be seen that- a vessel, quiescent in diastole, suffers a slight dilata- 
tion as a preliminary to systole, which follows immediately withont 
pause At the end of systole scarcely any pause occurs, hut diastole 
follows immediately, the vessel in the tune interval between individual 
contractions rem ainin g in the latter state Occasionally a puckering of 
the wall can be observed This is thought to be due to the attachment 
of fibres in the mesentery to the wall of the vessel. 

"With the progress of the observation first white then red corpuscles 
appear in the lymph which before had been perfectly clear except for 
the presence of an occasional white celL It is possible with these cells 
present in the stream to observe the action of the valves which occur at 
very short intervals in these vessels 

The valves are long folds of endothelial cells, the nuclei of which 
can he distinguished under the high power They are, for the most part 
of the bicuspid type, the cusps m the diastolic condition of the vessel 
floating freely in the stream When systole occurs distal to a valve 
a gush of fluid and corpuscles can be followed through the valve opening 
a very beautiful eddy forming over the free edges of the cusps by which 
means they are kept floating in the stream so as to close readilv under 
the appropriate pressure relations When systole occurs ahead of the 
valve the cusps can be seen to come together, first at their free edges 
until a considerable portion of their surface is m contact They are very 
efficient when the vessel is active, allowing only a very slight reflux, if 
any The wall of the vessel is contractile at the place of insertion of the 
valves but in many cases m diastole there is a bulging of the wall on the 
proximal side of the insertion of the valve cusps 

Sometimes the red corpuscles, after a considerable period of observa- 
tion collect behind the cusp of a valve and remain wedged there 

The presence of the corpuscles also enables one to estimate the speed 
with which the contents are propelled. In diastole there may be a com- 
plete stoppage of the stream, but in systole the corpuscles move so 
rapidly that they cannot he recognised even under the lowest powers 
used 


In some preparations lacteals can be observed to be quiescent but 
the gut peristalsis to be active In such a case if the lacteal be observed 
close to its exit from the gut wall it can be seen that the active peristalsis 
of the gut forces lymph— as indicated by the corpuscular contents— into 
the first part of the lacteal, hut that this lymph is forced only a verv 
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small distance before the corpuscles are deposited on the lower portion 
of the lacteal wall That is, the gut peristalsis is capable of pushing the 
chyle out from the submucosal sinuses or intramural lymphatics but is 
not sufficient to propel it along the lacteals, if the contractility of the 
latter is m abeyance 

The rat The lacteals of this animal present in all essentials the 
features described for the guinea-pig The contractions, however, m 
most preparations are not so vigorous as m the guinea-pig The longi- 
tudinal shortening is not present but the amplitude of the circular 
contractions is of the same order as m the guinea-pig The force of the 
contraction of these lacteals is sufficient to displace and pull together 
the fatty tissue lying near them, in fact it was from this peculiar snake- 
kke movement of the fat that the rhythmical contractions were first 
noticed 

The nuclei of the circular muscle fibres can be well seen m those 
portions of lacteal free from the mesenteric fat, but the changes in them, 
if any, undergone in the prooess of contraction, oannot be made out 

The very finely divided nature of the fat m process of absorption, 
suspended m the lymph, can be seen from the fact that the lacteals 
are white by reflected hght and a dull salmon colour by transmitted 
light 

The lacteals of the rat do not exhibit the propagated peristalsis so 
clearly as those of the guinea-pig In some preparations it is unmistak 
ably present but m many there seems to be little co-ordination Tor 
example, it is quite common to find an isolated short length of lactea 
beating rhythmically while the portions on either side are quiescent, 
and sometimes, where two lacteals join, one will be beating rhythmically, 
the wave of contraction being passed on, while the other is complete y 
quiescent or beating with an entirely different rhythm, which may change 
from time to time In many experiments the majority of the lactea s 
are completely quiescent, but m all experiments some, at least, have 
exhibited good contractions It is possible that these differences are 
due to the effects of the operation Even when the greatest care is 
exercised, a certain amount of trauma, exposure to air and coo mg 
occurs The degree of rough handling, which is sufficient to cause stasis 
in some of the finer blood vessels, results m a preparation m which many 
of the lacteals are quiescent and only begin to exhibit rhythmical con- 
tractions after a considerable time The influence of cold also can be 
demonstrated by flooding an active warm preparation with ice co 
sahne The movements cease almost at once, to return again in a lev 



271 


CONTRACTION OF LACTEALS 

minutes as the preparation becomes warm This recovery can be hastened 
by flooding the preparation with warm salme Since, howeveT, irregu- 
larities in activity are met with even in the most successful preparations, 
it is possible that they may be physiological and normal 

In the rat it is very easy to see, by the use of reflected bght, the 
plexus of lacteals situated on and in the muscular coat of the intestine 
Rhythmical contractions of portions of this can always be observed, 
while on tracing the lacteals centrally the contractions occur to the 
base of the mesentery 

The thoracic duct For these experiments large guinea-pigs of over 
900 gms weight were employed for the most part The usual food was 
mixed with butter Urethane and ether were used as amesthetics 

The thoracic duct was exposed in the following way A longitudinal 
incision was made over the thoracic portion of the spinal column. The 
muscle was carefully dissected away from the vertebrae, care being taken 
to secure immediate haemostasis “When thoroughly cleared the laminae 
of three or four of the lower thoracic vertebrae were removed together 
with the portion of the Bpinal cord thus exposed, bleeding being con- 
trolled by the use of plasticine Two vertebral bodies were then removed 
by cutting through the intervertebral discs, and the nbs close to their 
vertebral pant In this portion of the operation care was taken not to 
damage the underlying structures, especially the pleurae 

Attempts made to remove the vertebrae without the preliminary 
laminectomy have faded owing to the profuse haemorrhage, or puncture 
of the pleura 

When the vertebra had been removed the animal was placed on a 
stand in such a position that the wound could be observed through a 
dissection microscope The muscle and fat surrounding the aorta and 
thoracic duct were then removed by means of glass rods till a good 
exposure of the duct was obtained The preparation was then packed 
with warm saline swabs and left some minutes, after which observation 
was earned out The duct is not always a single vessel but may be of a 
plexiform nature No rhythmical contractions similar to those occurring 
in the lacteals have been observed m the thoracic duct of such a 
preparation Movement synchronous with respiration occurs but this 
is obviously of a passive nature 

Several observations have been made just after the death of the 
animal (from hemorrhage or pleural puncture) hut in no case m which 
all respiratory movement had ceased, could any spontaneous con- 
tractions be observed 
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Summary 

(1) Rhythmical, propagated contractions are descnbed in the Iacteals 

of the guinea-pig and the rat t 

(2) A method of exposing and viewing the thoracic duct from behind 
is descnbed 
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REFLEX EFFECTS OF ACTIVE MUSCULAR CON- 
TRACTION Bt SYBIL COOPER ( Research Fellow of 
St Hilda’s College) act R S CREED (Fellow of New 
College) 

( From the Physiological Laboratory, Oxford ) 

IXTBODUCTIOX 

I>- 1893 Shernngton(S) recorded the fact that the knee jerk m cats 
and monkeys may be inhibited by stimulating the proprioceptive afferent 
nerves from the hamstring muscles of the same side This may be done 
in various ways, among others by active contraction of the hamstrings 
produced by stimulation of the appropriate anterior spinal nerve root 
In 1924 Forbes, Campbell, and WilliamsP) recorded currents of 
action in the afferent nerve fibres from the cat’s tibialis anticus muscle 
when this muscle contracted. We have been unable to find any other 
direct experimental evidence that the proprioceptive organs of skeletal 
muscle respond to active contraction, though many other observers have 
obtained results by using mechanical stimuli such as passive stretch 
(e g the knee jerk and recent work of de Meyer(2), Liddell and 
Sherrmgton(6), and Adrian and Zottermann(l)) The pain of cramp 
is presumably due to stimulation of these endings by powerful contrac- 
tion. 

It therefore seemed important to obtain further evidence (a) of active 
contraction being an adequate stimulus for muscle receptors, and ( b ) of 
any reflex effects produced by such a stream of centripetal impulses In 
their second paper Liddell and Sherrington (7) showed that the tome 
reflex contraction of the knee extensor muscle of the decerebrate cat m 
response to stretch could be readily inhibited by passive stretch of the 
hamstring muscles This is one of the few described reflexes m which 
adequate stimulation of the receptors in one muscle produces marked 
effects in other muscles, and therefore we made it the basis of our work. 

Technique Cats were used throughout these experiments Under 
deep anaesthesia the left hind hmb was completelv immobilised and de- 
nervated by section of the crural, sciatic, pudic, obturator, and external 
cutaneous nerves, and of the following muscles psoas (magnus and 
parvus) tensor fascia femons, glutei, and the various tendons inserted 
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m the neighbourhood of the great trochanter The same procedure was 
adopted on the right side except that the nerve supply of the quadriceps 
extensor and hamstnng muscles was preserved All the connective 
tissue between these two groups of muscles was also carefully divided 
so far as was compatible with the preservation of their blood supply 
The cauda equina was then exposed by removal of the laminee of the 
6th and 7th lumbar and 1st sacral vertebrae, the dura was opened, and 
the ventral root of the 1st sacral nerve was isolated, ligated, and cut as 
far proximally as possible The skull was trep hin ed and decerebration 
at the level of the posterior colliculi performed m the usual way 

Alter an interval to allow the anaesthesia to pass off, a metal hook 
m the patellar tendon (previously separated with a flake of bone from 
its insertion into the tibia) was connected by a cord passing over a light 
pulley with a hanging weight varying between 900 and 1500 grm in 
different experiments The best results were obtained with a load of 
1300 grm The movements of the muscle were recorded by means of a 
light straw lever attached to this cord just below the pulley and writing 
on a smoked drum The movements of the tendon were thus magnified 
about 75 times, but the inertia of the recording mechanism was such 
that no conclusions can be drawn as to the absolute extent of the isotonic 
movement We have since devised a less crude method of recording 

Rigid fixation of the limb to the table was ensured by steel drills 
m the upper and lower ends of the right femur and a pelvic clamp The 
last mentioned was found to be absolutely essential In some of the 
earlier experiments where it was not employed, strong contraction of 
the hamstrings produced rotation of the pelvis about the fixed femur 
and apparent shortening of the quadriceps extensor, even after section 
of the crural nerve 

The preparation, lying on its left side, having been set up m this way, 
the hamstnng muscles were made to contract by stimulating the motor 
root of the 1st sacral nerve from a coreless Berne induction coil A short- 
circuiting key in the secondary cirornt was opened for about 2 seconds 
for each observation In most cats the only muscles acting on the knee 
joint supplied by this root are the flexors (Shemngton(8)) But we 
met with one example of a “prefixed” animal in which satisfactory 
results were obtained by using the 7th lumbar root, and one example 
of a “postfixed” animal, in it the quadriceps was also thrown into 
contraction and the experiment had to be abandoned Special care was 
taken to keep the exposed roots warm and moist between each observa- 
tion 
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We ^nslied to determine whether the reflex alterations of extensor 
tonus were mainly dependent on increased tension or on change of shape 
of the flexor muscles For this purpose, in the early experiments the 
lower attachments of the hamstrings were isolated by a somewhat 
lengthy process of amputation below the knee The muscles were then 
made to contract either (a) under considerable tension from a weight 
passing over a pulley, or (6) lying loose In the latter case there could 
be only slight, if any, stimulation of those sensory end-organs for which 
the adequate stimulus is stretch Later, more satisfactory results were 
obtained by keeping the leg intact and ma king observations with the 
knee alternately flexed and fixed in extension 

Results When the preparation had been set up as described above, 
a good knee jerk followed by a shortening reaction demonstrated the 
integrity of the proprioceptive reflex arc of the quadriceps extensor 
If manipulation of the hamstring muscles produced alterations in the 
decerebrate tonus of the quadriceps, it was also clear that the sensory 
path from these muscles was intact and that the lumbar cord was in 
good condition A shght inhibition of extensor tonus could generally be 
obtained by kneading the flexor muscles (B), but passive stretch provided 
a far more effective stimulus Here the rate of stretch played a part, as 
might well be expected from Adrian’s results (i), a rapid stretch (pro- 
duced by passive extension of the knee) gave a relaxation three or four 
times as great as that obtained with a slow stretch 

When the flexors were made to contract by weak faradic stimulation 
of the motor root, inhibition was generally evident m the extensors 
In the early experiments apparent increase of extensor tonus was oc- 
casionally observed, but this was always found to be due to imperfect 
fixation and never occurred when the pelvis was clamped Omitting the 
postfixed” animal from which no records could be obtained, we have 
found inhibition of extensor tonus as a result of active contraction of 
the flexors m each of the 12 cats with which we have worked 

It soon became clear that this inhibitory effect was mnch greater 
when the flexors were m an initial state of stretch than when they were 
slack An observation was considered complete if three records could he 
taken in rapid succession — two stimulations with the flexors slack 
(i e knee flexed), and interposed between them one with the flexors taut 
(i e knee extended) If cooling of the cord could be avoided, the re- 
sulting record showed comparable relaxations of the extensors with the 
flexors slack, and a much greater relaxation with the flexors taut The 
following are examples of such senes of consecutive observations The 
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extent of the relaxation is measured on the smoked drum record, and 

the figures given must be regarded as comparative rather than quantita- 
tive 

Load putting on quadriceps extensor 1300 grm 
Coil distance 24 cm. 

Flexors slack. Relaxation of extensor 25 mm. 


Coil distance 25 om. 

Flexors taut. Relaxation of extensor 105 mm 
,, „ 18 „ 

.. slack. „ „ 10 „ 

.. taut. „ „ 120 „ 

Coil distance 26 cm 

Flexors taut. Relaxation of extensor 21 mm. 
„ alack* „ „ 0 

» taut. „ „ 11 „ 

* Visible contraction of flexors 


Load on quadriceps extensor 1000 grm 
Coil distanoe 25 om. 

Flexors slack. Relaxation of extensor 15 mm. 


ft 

taut. 


ft 

106 

tf 

taut. 

ft 

ft 

100 

ft 

slack. 

ft 

ft 

32 

ft 

slaok. 

ft 

ft 

26 


Results such as these were obtained m 7 of the 12 animals In the 
remaining 5, reflex excitability vaned so much from minute to mmute, 
or the extent of the relaxation was so small, that the records with the 
flexors slack and taut are not comparable 

The records show one or two other points of interest which we are 
investigating m more detail At the end of the stimulation, the inter- 
current relaxation of extensor tonus was often followed by a further 
relaxation Some recovery then took place towards the original resting 
length, but the recovery was generally incomplete This failure to regain 
the initial length is probably a “lengthening reaction ” Fig 1 illustrates 
these features better than the smoked drum tracings It is an isometric 
record of the tension in the patellar tendon and was obtained with an 
improved technique which will be described in a future paper 

Control experiments Certain control experiments were undertaken 
to prove that the effects described were truly reflex and dependent on 
impulses set up by the active contraction of the hamstring muscles 
in. the proprioceptive endings of these muscles They were designed to 
guard against two fallacies which might invalidate our interpretation of 
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the records In the first place, the contraction of the flexors might exert 
some purely mechanical pull on the extensors or then attachments This 
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Fig 1 if = Photographic record of the tension m the patellar tendon attached to an 
isometno myograph. T =Time in 0-02 sec . E, E = Duration of stimulation of motor 
root to haimd-T-mg muscles. Coil distance 24 cm. Tension shown by the scale on the 
left. Flexors slack. Tension of the quadriceps raised to the initial height by stretch 
just before the observation. 

was unlikely, since the whole limb and pelvis was rigidly fixed, and care 
was taken that no tight bands of skin or fascia passed between the tiro 
sets of muscles Further, it is difficult to see how contraction of one 
set of muscles could produce apparent relaxation in a parallel set But 
the possibility was finally ruled out when at the end of two experiments 
we paralysed the quadriceps extensor by cutting the crural nerve 
Contraction of the hamstnng muscles, produced by much stronger 
stimulation of the motor root than we had previously been using, then 
faded to produce the slightest movement of the patellar tendon. On 
subsequently removing the pelvic clamp such stimulation gave marked 
apparent contraction of the paralysed qnadnceps, undoubtedly due to 
rotation of the pelvis about the fixed head of the femur 

In the second place, the effects observed might have been due to 
spread of current from the stimulating electrodes to neighbouring 
posterior roots In this case they would stall be reflex but would not be 
caused by impulses arising m the proprioceptive organs of the actively 

18—2 
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contracting hamstring muscles At the end of two other experiments, 
therefore, the nerve to the hamstrings was cut In one preparation 
(which however was already m rather poor condition), this completely 
abolished the reflex In the other, the reflex almost, but not quite, 
disappeared (at coil distance 22 cm reflex inhibition with flexors taut 
was reduced from 11 mm to 1 6 mm , and with flexors slack from 1 mm 
to zero), but some muscles m the gluteal region were still observed to be 
contracting when the root was stimulated As the nerves to these muscles 
could not easily be cut, we cut the 7th lumbar posterior root and the 
cauda equina at the 1st sacral vertebra No further changes in the tonus 
of the quadriceps could then be elicited by stimulation of the 1st sacral 
motor root 

Discusswn It seems certain from our experiments that active con- 
traction of the hamstring muscles causes reflex inhibition of tonus in 
the quadriceps extensor of the same side, and that the inhibition is 
much more marked if the flexors are prevented from shortening This 
points to the conclusion that tension m the muscle is the most important 
stimulus to the muscle receptor organs concerned, but does not exclude 
change of shape of muscle fibres as a subsidiary adequate stimulus 
Forbes, Campbell, and Wilhams(3) at the end of their paper on 
afferent nerve impulses from muscular receptors m the cat say, “ Clearly 
our data all pomt to tension m some form as the source of excitation,” 
but here again it is not clear that change of shape is not also “adequate ” 

Liddell and Sherrington ((8), p 219) have produced strong 
evidence that the receptors involved in the stretch reflex are situated 
in the fleshy part of the muscle and not m the tendon Probably the 
same receptors are concerned in the reflex under discussion, but it is 
impossible to specify their nature until more is known about the various 
types of sensory endings in muscle and their adequate stimuli 

Our observations are of some interest as evidence of a muscle’s 
power of “recording” its own movements and thereby affecting other 
muscles We hope that they may throw some light on the mechanism of 
“reciprocal innervation of antagonistic muscles ” At present it is quite 
unsettled to what extent this coordination is effected by central or by 
peripheral means Graham Brown(4, 6) in 1914 advanced the vi eu 
that the stepping reflex is brought about wholly by central action , while 
Sherrington (flO), p 80 et seq and (6), pp 236-239) has pointed out 
that proprioceptive impulses probably provide an important adjui ant 
stimulus m such rhythmical acts Our results suggest that impulses 
coming into the cord from contracting muscles may be partly responsible 
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for the synchronous relaxation of their antagonists Thus at the end of 
the extension phase in a step, the knee flexors are under a slight degree 
of passive stretch, i s they are in the most favourable position to cause 
inhibition of the extensors when the flexion phase begins Adrian and 
Zottermann(i) have shown that in a single muscle receptor, there is a 
short period of complete inactivity following release of the muscle from 
tension If this occurs in the flexors at the end of the active contraction 
in the flexion phase of stepping, the extensors will be released from all 
inhibitory influence and by possible combinations of a rebound contrac- 
tion and a stretch reflex the turning point of the step might be effected 

S miR V 

1 Active contraction of the hamstring muscles in the cat produced 
bv electrical stimulation of the 1st sacral motor spinal root provides 
an adequate stimulus for proprioceptive endings m these muscles 

2 Impulses set up m this way inhibit decerebrate tonus in the quadri- 
ceps extensor muscles of the same limb by a reflex action 

3 Increase of tension rather than change of shape seems to be the 
effective stimulus for the elicitation of this reflex 

4 The possible bearing of these experiments on the mechanism of 
reciprocal innervation and stepping is suggested 

Sir Charles Sherrington suggested this enquiry and we take this 
opportunity of expressing our indebtedness to him 
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VASCULAR REACTIONS OF THE SKIN TO INJURY 
Part VIII The resistance of the human skin to constant 
currents, in relation to injury and vascular response 1 

By T LEWIS and Y ZOTTERMAN 2 

(Cardiac Department , University College Hospital Medical School ) 

In a senes of recent papers Ebbecke(i) has descnbed a number of 
interesting observations upon the resistance of the human skm to galvanic 
currents, and comes to conclusions that, if true, would be of far-reaching 
importance to the study of vascular responses of the skin to various 
stimuli 

He points out that it has long been recognised that estimates of skm 
resistance obtained by means of galvanic currents are very much higher m 
quantity than are the true resistances as measured by alternating currents 
of high frequency Using small contacts, the alternating current measures 
the resistance m terms of a few thousand ohms, using constant currents, 
values of as much as 500,000 o hms are commonly obtained The high values 
shown by the galvamc current Ebbecke probably rightly attributes 
to polarisation He finds that these high resistances are broken down 
by one of two chief procedures, namely, either by the continued passage 
of the galvamc ourrent, when the latter is employed in sufficient strength 
ultimately to produce wheahng of the skin (local galvamc reaction), or 
by rubbing the skm He bekeves that change in the epidermal cells is 
responsible for this lowering of resistance, and arrives at this conclusion 
by a process of elimination The change is not due to altered vascularity, 
because it occurs equally well when the circulation to the skm is stopped 
or m the skm of bodies investigated some hours after death In the last 
circumstance Ebbecke bebeves that the epidermal cells are still living 
and capable of reacting to stimulation The sweat glands are excluded 
mainly on the ground that the local galvamc reaction can be obtained 
conspicuously upon the s kin of the forearm, where sweat glands are 
scanty, but f ails on the hand, where sweat glands are numerous These 
two exclusions leave the epidermis for consideration He considers the 

1 Work undertaken on behalf of the Medical Research Council Parts i~vn appear in 
Heart , vola xr-xm 

2 Travelling Fellow of the Rockefeller Foundation, 
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homy layer of the skm and describes observations, which, so he believes, 
show that when this is particularly dry it may offer much resistance, 
and that its resistance may fall if the electrode is pressed heavily upon 
it or if the electrode is wet In both instances altered resistance is 
attributed to increased moisture of the homy layer This change in the 
resistance of the homy layer introduces an error that may conceal the 
more significant changes in the cellular layers that he beneath it, for 
this reason Ebbecke describes it and his attention then fastens upon 
the living epidermis To explain the lowering of resistance to galvanic 
currents, he supposes that the act of rubbing the skm, or of passing a 
galvanic current through it, excites the epidermal cells to activity This 
activity is regarded as associated with a dispersion of the polarisation 
charge and with an increased permeability of the cell membranes, thus 
stimulation of the skm is brought mto line with Bernstein’s hypothesis, 
as this is applied to muscle and nerve Further consideration of his 
conclusion, that lowered resistance to galvamc currents is brought about 
in this way, is important from several standpoints Upon it Ebbecke 
mainly bases a hypothesis that vascular changes in the skm and whealing, 
consequent upon the passage of galvamc currents, or in response to 
mechanical stimulation, results from the release of cellular metabolites, 
this release being a consequence of increased permeability One of ns, 
working m conjunction with Grants), came independently to a similar 
conclusion, m respect of the intervention of metabolites in reactions to 
injury, though from observations of a distinct land 

When we became aware of Ebbecke’s work upon skm resistance, 
we were inclined to tbe view that his observations might constitute 
important evidence m favour of the reaction of the vessels to cellular 
products, and that they might materially help to establish, as a con- 
clusion, the idea we were postulating It also seemed to us that 
Ebbecke’s method and conclusions, if sound, might be of great value 
as a basis in investigating tbe time-relations of tbe skin’s cellular 
activity , that it might be possible to find further parallelisms between 
the skm s capacity to conduct constant currents and the response of its 
vessels to cutaneous injuries, and that his work would enable us to 
measure accurately the period, short or long, over which cellular activity 
m response to various injuries lasts, and to assess more accurately the 
intensity of the reactions 

We have been disappointed from all these points of view, and an 
initial hesitation in accepting Ebbecke’s attractive interpretations of 
his experiments has grown mto a conviction that they are unsound The 
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following observations are selected to show our grounds for t his con- 
viction 

The visible reaction of the skin to a weak galvanic current In the last 
paper of the series referred to Ebbecke uses the following method 
A battery of 4 volts is connected to the body by means of two electrodes 
The one, an m different electrode, consists of a vessel of water, and into 
this a hand is plunged The other consists of a fine needle, this is laid 
very carefully so that its point lies on the skm of the forearm When 
the current is made, and the needle point constitutes the kathode, httle 
or no current is at first registered as passing through the skm In less 
than 15 seconds the current increases abruptly and reaches a value of 
70-100 microamperes, and the subject experiences burning pam at the 
needle point When the needle is removed, a minute shiny or slightly 
brown spot is seen on the skm This is soon associated with reddening, 
and before long the skm rises to form a small wheal, like that produced 
by the bite of an insect The effect is obtained only if the needle point is 
kathodal, and Ebbecke shows that the lowering of resistance m this 
experiment occurs only at the kathode, and he concludes that the essential 
kathodal action consists of an mcreased permeability of the epithehal cells 

We have repeated these experiments and agree with the results he 
describes in all their details , but we place a different interpretation upon 
them If the current is led through the skm m the manner described, 
and the needle point is watched microscopically 1 , we find that at or 
about the instant when the passage of the current becomes painful, 
minute bubbles of gas are seen to form around the needle pomt and others 
collect within the homy layer of the skm, lifting and disrupting it In 
a large number of experiments there has been no exception to this state- 
ment, and we have never succeeded in obtaining subsequent wheahng 
of the skm with currents of insufficient intensity to produce this visible 
electrolysis of the tissues The httle shiny or brownish mark on the skm 
that Ebbecke describes is the result of the disruption of the superficial 
layers of the skm by these gas bubbles We do not go so far as to deny 
that the passage of a constant current may not alter the activities of the 
epidermal cells, with associated changes m their permeability , but it is 
clear that the cutaneous reaction described by Ebbecke follows a gross 
injury of the skm, and it will become evident later that the lowering of 
resistance that occurs is not due to the cause to which he ascribes it, 
but to an electrolysis associated with mechanical injury of the skm s 
homy layer 

1 We have used Greenough’R binocular microscope and CO magnifications for the purpose. 
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Relation between the galvanic resistance and the visible sk in reaction 
Mechanical stimulation One hand is placed in a vessel of normal sahne 
m which a piece of silver foil coated by electrolysis with silver chloride is 
immersed The second electrode is placed on the other arm, it consists 
of a glass tube of i millimetres internal diameter, filled with gelatine, 
made up into a firm jelly with normal saline and having embedded in it 
a s imilar sheet of silver foil coated with silver chlonde These electrodes 
show no detectable polarisation phenomena A current from a 2-, 4- or 
6- volt battery is led through this circuit, and the current recorded rarely 
exceeds 5 microamperes 1 , providing that the small electrode lies on 
healthy and undisturbed skin It has been our habit always to moisten 
the skm so tested with a drop of normal sahne a minute before applying 
the contact Removal and replacement of the contact has little or no 
influence upon the amount of current flowing If the current at first 
amounts to or exceeds 5 microamperes, it is often found that the 
apparent resistance tends to become lower after an interval of several 
minutes, but if, as is usual, the preliminary reading is decidedly less, 
this tendency for the resistance to fall is usually absent or trivial. 

If the contact is removed and the skm vigorously rubbed or firmly 
stroked with a blunt point, and the contact replaced at once, the current 
now flowing is found to have risen abruptly, though by varying amounts 
The resistance, originally of 100,000 to 1,000,000 ohms, falls to such 
values as 50,000 and 10,000 ohms, exceptionally even to 5000 ohms 


Obscrvatton 1 Skm of forearm connected to batterv of 4 volts, 
microamperes. Five subjects. 

After stroking 

Before . — — a ^ 


itrokmg Immediate 
0-25 — 

1 min. 2 
25 

mins 3 
21 

mins. 4 romg_ 

36 30 

5 nuns. 

27 : 
( 
k 

30 

600 

625 

635 

600 

600 

1 

600 : 

i 

0-25 

17 

22 

20 

20 

21 

21 

0 25 

— 

400 

too 

120 

150 

450 

O 7 

— 

2-0 

25 

25 

25 



Current readings m 

Pemarks 

aal skm. Heavy stroke, 
unbroken. Local red 


flakes of homv laver tom ofi. 
Local red reaction only 

Normal skm. Heavy stroke 
Very slight whealmg 

Normal skm Heavy stroke. 
Slight whealmg 

Case of urticaria fachtia. 
Moderate stroke Full wheal 

IB 2 remc 

• Onr object ra changing the voltage is merely to obtam a deSmte readme of current 
with onr meter m all cases the meter is senative to } microampere and 2 , 1 ^® 
that with 2 volts no movement of the needle is recorded. ^ ^ happens 
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The observation agrees precisely with Ebbecke’s findings and we 
agree with him in stating that the reaction is unchanged when the cir- 
culation to the limb is stopped There is, however, no relation between 
the fall of resistance and the reaction that follows A heavy stroke may 
lower the resistance to 1/200 of what it was originally and result in a local 
red reaction only In the case of a susceptible skm, a stroke of moderate 
firmness may produce a full wheal and the fall of resistance may be 
inappreciable by comparison If flakes of the homy layer are earned 
away by the stroke, the fall of resistance is profound, yet the reaction 
of this skm may be comparatively sbght 

If, instead of rubbing the skm, we employ a fine needle, and pnek 
the skm, similar falls of resistance occur It occurs with regularity and 
is immediate, and it will happen with needle pneks of surprising light- 
ness 

Observation 2 Skm ot forearm connected to battery of 2 volts. Current readings in rrncro- 


amperes 

Before 

pnokrng 

Four subjects 


After pnokmg 



t ~~ 

Immodiate 

1 min. 

2 mins. 

3 mins. 

4 mins. 

126 

146 

126 

80 

70 

66 

46 

76 

85 

80 

85 

86 

1 

126 

100 

100 

100 

110 

1 

66 

60 

60 

60 

46 


The prick necessary to break the resistance is far less than sufficient 
to draw blood from the skin, and often it is unaccompanied by a sensation 
of pricking or by visible response of the vessels, it is sufficient apparently 
for the needle point to pass into the homy layer of the skm Here again 
the effect is obtained if the circulation to the skm has been stopped 
previously If the skm has been lightly pricked m a few places, these 
places are easily detectable by passing the contact over the skm some 
while afterwards, the instant such a point is reached, the galvanometer 
needle moves rapidly from almost zero to a reading of 70-150 micro- 
amperes 

Exactly similar effects are to be obtained upon skm removed from 
the body The skm we have used has been taken from post-mortem 
subjects, wi thin a few hours of death or m some cases 24 or more hours 
after death, in the last cases the bodies have lam m a cold chamber 
The capacity of such skm to conduct increases, so that the values for 
the current flow before and after pricking gradually approach each other 
as tame elapses and as decomposition occurs m the skm The effect of 
the pnek on skm conduction is not dependent upon survival of the 
cutaneous cells, as is clearly shown in the following way The skm is 
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immersed in 40 pc formaldehyde for 30 minutes or longer, it is taken 
out, the surplus fluid mopped away , and the skm allowed to dry a little 
at room temperature until it presents no trace of surface moisture and 
until drops of saline placed upon it remain in place Skm so treated 
behaves as does normal living s k in, a pnck promptly reducing its resist- 
ance very greatly 


Observation 3 a Skm from post-mortem subject. Connected to butterr of 2 volts. Current 


i m microamperes. 


Reading 

12 hours after death (2 hours at 

Before pnckmg 

2 

room temperature) 

After pnckmg 

100 


Before stroking 

2 


After stroking 

22 

36 hours after death (6 hour* at 

Before pnckmg 

50 

room temperature, remainder 
on ice) 

After pnckmg 

120 

60 hours after death (10 hours at 

Before pnckmg 

75 

room temperature, remainder 
an ice) Skm decomposing 

After pnckmg 

120 


Observation 3 b Skm from post-mortem subject IS hours after death (2 hours at room 
temperature) immersed for 30 minutes m 40 p-c. formaldehyde. Fluid mopped o5 
surface. Connected to battery of 2 volts. 


Reading 


1st point tested Before packing 2 5 

After packing 100 

2nd point tested Before packing 20 

* After pnckmg 125 


Skm re tamed m Email moist chamber for 24 hours the 


examined. 


3rd point tested 


Before packing 
After packing 


skm is ngidlv hardened re 


2 

85 


4th pomt tested 


Before pnc kmg 1 5 

After pnckmg 110 


Freezing If the normal living skm is hard frozen and allowed to 
thaw, it becomes brightly reddened and soon the skm swells to form a 
prominent wheal. The reaction of the skm is of the most intensive kind, 
but at no stage can a material fall if its resistance to constant currents 
be detected 


Observation 4 a Sim of forearm. Frozen at -13 3’ C for 5 seconds 
Readmg3 m microamperes. 


Battery of 2 volts 


Before freezing 
After freezing 
3 mmutes 
7 mmutes 
45 mmutes 


Frozen area 
25 


Control area 
2-0 


2-0 Slight nhealmg 

ft 7 Wheal distinct 

Wheal declining, skm red 


15 

1-0 

0-5 
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Observation 4 b Skin of forearm. Frozen at - 18 8° C for 10 minutes. Skm hard and deeply 
frozen. 


Before freezing 
After freezing 
2 minutes 
4 minutes 
38 minutes 
24 hours 
1 to 7 days 


Frozen area Control area 

2 2 

6 2 

7 Wheal starting 3 

1 Wheal full 1 

0 25 Wheal still present and tender 0-76 


Repeated readings showed no fall of resistance, or difference between 
frozen and control areas. 


10 dayB 

11 days 

12 dayB 


1200 Homy layer scaling off 

800 ‘ ' 

100 


4 

12 

1 


Burning heat If living skm is burned by placing it in repeated contact 
with a test-tube of scalding water until widespread redness and slight 
swelling of the skm is produced, the effects of this reaction of the living 
cells upon the resistance to galvamc currents is likewise absent or in- 
appreciable, throughout the whole reaction 

Observation 5 Skm of forearm. Burnt with test-tube of scalding water repeatedly applied 
until a vivid local red reaotion, with surrounding artenolar flare, was obtained. 
Battery of 4 volts. Readings in microamperes. 


Burnt areas Control areas 



Before burning 1 0 0 75 3 5 1 0 

After burning 2 0 0 6 4 76 0 75 

Ultraviolet light If the skm is burnt with ultraviolet light so that it 
reddens wit hin 1 or 2 hours and is red and swollen on the subsequent 
day, no appreciable change of skm resistance is to be detected throughout 
this period of time If the resistance of the skm is followed for a period 
of many days, then on the day when the superficial layers of the skin, 
which has become discoloured and wrinkled, begins to scale away, a 
conspicuous fall of resistance is frequently found to have occurred 


Observation 6 Skm of forearm. Ultraviolet fight bum, mercury vapour lamp at 18 inches 
for 6 minutes. Battery of 6 volts. Readings m mioroamperes. 


Time after 

Irradiated areas 


Control areas 

exposure 

r 

\ 


175 


0 minutes 

35 minutes 

25 

0 25 


1 5 
50 

81 minutes 

50 

7 0 

Redness starting 

2 0 

24 hours 

0 6 

0 75 

Bright red and swollen skm 
Redness fading no swelling 

0 25 

3 5 

96 hours 

3 0 

20 

25 

3 5 

1 44 hours 

150 

8 

Homy layer wnnlJcd 

12 6 

5 5 

210 hours 

1350 

1800 

Homy layor scaling removed 
several hoars previously by 
gentle fnction 

5 5 

5 5 
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Blistering We applied a strong cantharadin plaster to the skm of 
the arm On the next day the resistance was taken from the skm co\ enng 
the blister and from control areas, these blisters were filled with clear 
fluid and usually stood well above the level of the surrounding skin In 
none of these tests was a decreased resistance detected If, however, 
the layer of dead skm covering the blister was pricked lightly with a 
needle pomt, an imm ediate and profound fall of resistance invariably 
resulted 

Observation 7 Skm of forearm Blistered 24 hours previously Battery of 2 or 4 volts 
Readings in microamperes. Two subjects 


Blistered 

Control 

*km 

«Vin 

9 

S 

1000 

Hornv cover of blister removed 11 

4 

4 

210 

Homy cover of blister lightly pncked 4 


Discussion 

These observations seem clearly to establish that the profound 
changes m the skm resistance (to galvanic currents) described by 
Ebbecke are not due to stimulation of the living cells, nor to consequent 
change in the permeability of their walls The high resistance found m 
the uninjured skm resides m the superficial and homy layers of the skm 
and not m the hvmg cells, and the profound changes of resistance 
occurring m response to the passage of the galvanic current itself, to 
vigorous friction, and to superficial needle pricks, are due to breaks m 
the continuity of this homy layer It follows that his observations upon 
skm resistance may not justifiably be used as evidence that various 
stimuli, mechanical and galvanic, when applied to the skin, produce 
a reaction increasing the permeability of the epidermal cells with an 
associated release of metabolites, which proceed to act upon the blood 
vessels, dilating them and increasing their permeability However 
suggestive Ebbecke’s observations upon skm resistance may be, they 
can no longer be regarded as providing support to the view that tissue 
metabolites- regulate the blood flow through, or the permeability of, the 
minute cutaneous blood vessels, and the method in its present form does 
not seem to ofler any prospect of substantially increasing our knowledge 
of such regulation 8 
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Conclusions 

The high resistance displayed by skin to galvanic currents resides m 
its superficial and homy layer and not in the living cells Conspicuous 
changes in this resistance are not due to stimulation of the living cells 
but to breaches m the homy layer 
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THE ACTION OF THE VAGUS ON THE SPLEEN 
By TEIICHI 1IASUDA (Mukdes). 

(From the Physiological Laboratory, Cambridge ) 

Bulgak’s paperfl) in 1877 on the innervation of the spleen may be 
considered to be the first systematic study of this subject A few years 
later Roy(2) published the results of his plethysmographic studies, in 
which he obtained a senes of remarkable tracings with his “ oncometer ” 
These investigations showed that the mam nerve supply of the spleen 
is denved from the splanchnic nerve, stimulation of which causes a 
powerful contraction of this organ. 

Very little work has been done, however, on the action of the vagus 
on the spleen. As is well known, most of the viscera are innervated by 
two different nerve systems, namely, the para-sympathetio and the 
sympathetic, with actions entirely antagonistic to one another but 
maintaining a balance of tone under any given circumstances It is 
surprising therefore that in the case of the spleen considerable work has 
been done on the action of the sympathetic while that of the para- 
sympathetic still remains obscure, and it was with the object of throwing 
more light on this obscurity that the present research was undertaken 
During the carrying out of this investigation, which was begun in 
October, 1925, a paper was published by Skramlik and Duxan-Cao(3) 
treating of the same problem and reporting new facts which will be re- 
ferred to later m this paper 

Method All my experiments were made on cats, in which a nim al, as 
the late Prof Langley pointed out to me, the spleen is very nch m con- 
tractile tissue Under urethane and e c mixture narcosis the abdomen 
was opened, a part of the omentum severed, and the spleen, freed from 
stomach and pancreas, enclosed m a special spleen box made of ebonite 
with a celluloid cover In openmg the abdomen I did not cut in the 
nipple fine, as 13 usually done (4), but made one incision in the middle 
line, a second cut at right angles being made m theleft side of the abdomen 
after ligaturing the muscular vessels In this way the compression or 
twisting of the splenic vessels was eliminated to a great extent The 
blood-pressure m the carotid artery was recorded simultaneously with 
the splenic contractions 
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Results (1) Stimulation of the peripheral end of the vagus As early as 
1868 Oeh.l(5) stated that the stimulation of the peripheral end of the 
vagus provokes the contraction of the spleen He arrived at t his result 
by direct inspection of the change in volume and colour of the organ 
caused by the stimulation, and it was confirmed by Roy (2) by the 
plethysmographic method Being convinced that the spleen communi- 
cates with the general circulation by a very narrow path and conse- 
quently is very little affected by a change m the systemic blood- 
pressure, Roy ascribed this contraction to the direct action of the nerve 
upon the spleen. Bulgak(i), on the other hand, observed no contraction 


and suggested that Oehl’s results were very 
likely due to the change in respiration caused 
by the section of both vagi Later Schafer 
and Mo ore (6), usmg the plethysmographic 
method, came to the conclusion that the stimu- 
lation of the peripheral end of the vagus had 
no effect upon the spleen According to them 
Roy’s results might have been caused second- 
arily by contractions of the oesophagus and 
stomach which they occasionally observed The 
question, therefore, still remains undecided 
In all my experiments stimulation of the 
peripheral end of the vagus in the neck always 
caused a more or less obvious diminution m the 
spleen volume and on some occasions was very 
marked (Fig 1) This dimin ution, however, is 
only brief and is followed by a senes of in- 
tensified wave-movements, and m a great 
many cases, after the initial contraction is over, 
the volume is sbghtly mcreased After several 
min utes, however, the organ usually returns to 

, , , Kr 1 Stimulation of the 

its ongmal volume Jenpheral end of the 

So far my results agree with those of Oehl vagus Upper eurve^ 

and Roy, but doubt is thrown on their inter- curve ^'spleen volume 

pretation by closer examination In the first curT0 

place, the dimin ution in spleen volume usuaUy 10 secs 
occurs a few seconds after the beginning of 

the fall m blood-pressure In the second place, the change m volume 
is, generally sp eakin g though not always, proportional to the change 
m blood-pressure if the fall of blood-pressure is large, the diminution 
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xn volume is also large Moreover, m some cases in which the stimu- 
lation was contained for a longer period, the volume varied as the blood- 
pressure rose and fell (Fig 2) This fact seems to show that the volume 



Kg. 2 Long lasting stimulation of the peripheral end of the vagus. Parallelism between 
blood pressure and spleen volume Upper curve blood pressure. Middle curve 
spleen volume Lower curve tune and base line of blood pressure Time, 1 sec. 


change is rather of a passive nature According to Roy (2) the plethysmo- 
graphic tracing of the spleen shows specific waves, each of nearly one 
minute’s duration, and the individual heart beats do not appear m the 
tracing 

From this and other data, such as the fact that compression or even 
clamping of the abdominal aorta has very little effect on the spleen 
volume, he assumed that the path of communication between the spleen 
and the general circulation, as already stated, is narrow and that the 
spleen volume is relatively small or, at least, not very readily affected 
by the change in blood-pressure He therefore regarded the contraction 
of the spleen as being due to the direct effect of the vagus If it could 
be shown that the spleen volume is affected by the heart beat, Roy’s 
argument would become much less cogent, and this has actually been 
done by Schafer and Moore, who found that fine vibrations on their 
tracings were obviously due to the heart beat Although this could not 
be confirmed m my own tracings, I have reasons for believing that the 
spleen volume may be influenced, as mentioned above, by changes in 
blood-pressure 

After an intravenous injection of pilocarpine (1 or 2 c c of 1 p c 
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solution) the blood-pressure shows a typical fall with a simultaneous 
decrease m the spleen volume If the dose of pilocarpine be large, the 
blood-pressure remains at this lowered level for a considerable time, the 
spleen remaining contracted as long as the low pressure persists, a fact 
which seems to point to the passive nature of the diminution of volume 
Under favourable conditions both the change m blood-pressure and 
spleen volume produced by vagus stimulation could be brought about 
by an appropriate dose of pilocarpine (Fig 3) In this tracing the 



Fig 3 Pilocarpine injection and its effect on the spleen 1 aa of 1 p.o pilocarpine 
hydrochloride injected into femoral vein at X Upper curve Wood pressure Middle 
curve spleen volume. Lower onrve time and base line of blood pressure. Time, 
I aeo. 

passive nature of the change is naturally not so obvious as in the esse 
of the larger dose, but if the findings are correct in that case, why should 
they not also be correct m the case where the spleen curve showB a closer 
resemblance to that produced by vagus stimulation? 

In order to confirm the passive nature of this spleen contraction, two 
methods were adopted In the first place, an attempt was made to 
eliminate the effect of blood-pressure by the use of Roberts's com- 
pensator (7) As, according to Roy (2) and others, the salme solution, 
especially m large amount, may itself cause dilatation of the spleen, dc- 
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fibnnated blood was used instead of Ringer’s solution, and the compen- 
sator was accordingly modified to economise the blood. By inserting 
a cannula into the abdominal aorta and connecting this with the com- 
pensator, the blood-pressure could be kept practically unchanged even 
under vagus stimulation and no contraction of the spleen could be 
observed (Fig 4) 



Fig 4 a Fig 46 

Fig 4. Effect of blood pressure on spleen volume. Upper curve blood pressure. Middle 
curve spleen volume. Lower curve signal and base line of blood pressure. Time, 
10 secs. 

(а) Stimulation of peripheral end of right vagus. 

(б) Blood pressure compensator connected and the peripheral end of vagua 
stimulated. 

Three minutes interval between (a) and (6) 

In the second place, the vagus was stimulated inside the thorax 
below the point at which the nerve sends out its cardiac branch In no 
case could even the sbghtest contraction of the organ be seen, whereas 
it is quite obvious in the same animal if a fall of blood-pressure is pro- 
duced by stimulating the vagus m the neck, in spite of the fact that tho 

19—2 
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nerve has been cut inside the thorax, thus preventing the transmission 
of any impulse to the spleen Skramhk and Duran-Cao(3) obtained 
similarly negative results and also made other interesting observations 
According to them, the stimulation of the peripheral end of the vagus 
inside the thorax has no effect on the spleen volume, and further, if the 
vagus and the splanchnic be stimulated simultaneously, the splanchnic 
alone takes effect, while if the spleen be previously made to contract 
by stimulating the splanchnic and the vagus be then s tim ulated before 
the splanchnic effect dies away, the spleen begins to dilate more quickly 
than it might otherwise do From this they conclude that the vagus 
dilates the spleen only when this organ is previously contracted by the 
effect of its antagonist, the sympathetic In this way they thought to 
have proved that there still exists a certain antagonism between the vagus 
and the sympathetic in their action on the spleen As plethysmography 
has some disadvantages, such as the exposure of the organ for too long, 
compression of the vessels, etc , they did not employ this method but 
simply observed the change in volume and colour of the organ, as some 
other workers have done If the contraction takes place, the dark red 
colour is turned to light red and the smooth surface becomes granulated, 
which latter phenomenon is denoted by them as “Inselbildung ” For 
instance, they observed in one case that the spleen contracted within 
3 5 sec of stimulating the great splanchnic nerve, Inselbildung occurred 
after 17 secs and lasted 70 secs , the spleen becoming normal again after 
105 secs In another case m which the splanchnic and the vagus were 
stimulated successively, the spleen began to contract after 3 4 secs , 
Inselbildung occurred after 20 secs and lasted only 30 secs , total re- 
covery taking place after 58 secs Thus the time of recovery was reduced 
to nearly one-half I have tried to repeat this observation but m no case 
have I succeeded m confir min g their result The results of one of my 
experiments are given below 

The whole course of the change in volume is given in Fig 5 There 
is clearly no difference between these two cases, and in two or three other 
experiments I obtained the same negative results 1 

At least two factors come into question m considering the cause of 
this discrepancy In the first place, the methods used were different 
It is true that the plethysmographic method has disadvantages, ns 
Skramhk and Duran-Cao indicate, and these disadvantages mm 

1 After this research tras completed. Dr Hoet, working in the Cambridge Phnrmaco 
logical Laboratory on the same subject, told mo that ho had obtained similar results to 


mine 
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Feb °6 19-6. Cat Xo 24. Under urethane and me. «itat and artmcisl 

torS'-L op^ed and tie ^ and the Urge sjianchnic nerve m tie left nde made 
readv lor stimulation. Toe spleen was pot into the spleen box. B.ood pressnrt W 
corded m the righ t carotid. 


Time 

t&oesO 

0 

5 


Stimulation 

Splanchmcus mai of left side 


4 

15 

39 


41 S timula tion off 
105 
175 


295 


m He. Permutr 

157 

160 bj* begins to nse 

162 Sjjeen begins to contract 

190 b-p Teaches maminmn 
175 V«v. contraction of spleen- Decrease m 
volume of about 2 c.c_ 

175 Spleen volume shores little variation 

162 Vcdume begins to increase 

160 Volume mcreas“ 1-4 c.e. Stfhmc-easmg 
bnt more slouiv 

150 Recovery of volume almost complete 


After 2 

minutes 

0 

Splanchmcus maj of left side 

3 


26 


42 

Stimulation off 

52 

Deft vagus 

5S 


87 

Stimulation off 

107 


207 


300 



151 

153 np berms to use 

154 Spleen'begms to contract 
181 B.p reaches mammum 
165 

160 

157 Spleen contraction maximum. Decrease 
of volume 1 S c.c. 

155 Sp’een xemaina contracted 

155 Spleen begins to dilate 

15S Increase of volume 1 5 cx- Stdl Hovdy 

increasmc 
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Fig. 5 Efiec* of splanchnic and vagus on spleen volume. 

Splanchnic stimulation foBoved bv vagus rtnnulatiDn. 

Splanchnic stimulation alone. 

Abscissa tune in seconds. Ordin a te sp’een volume m c.c. 

0 mitral volume of spleen. 

be considerable if great care is not exercised qrnte often no definite 
results are obtained, especially if the animal happens to be weakly. 
Taking all these drawbacks into account however it is scarcely credible 
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that my plethysmograph is not sensitive enough to record a change so 
evident as to shorten the time of recovery to one- half 

In the second place, cats were used m my experiments, while 
Skramhk and Duran-Cao always used dogs I do not know to what 
extent this difference may affect the results obtained 

Taking all this into consideration, and with some reserve, I would 
say that the stimulation of the peripheral end of the vagus, even when 
it follows the sympathetic impulse, has no effect upon the spleen what- 
ever 

(2) Stimulation of the central end of the vagus Bulgak(i) classified 
the nerves going to the spleen into two groups, namely, the motor and 
the sensory nerves In the case of the former, contraction of the organ is 
manifested only on peripheral stimulation, while in the case of the latter 
it is shown only when stimulation is applied centrally In the case of 
the vagus nerve he observed no contraction on stimulating either the 
peripheral or the central end He thus excluded the vagus entirely 
from the list of the splenic nerves Roy (2), on the contrary, always 

observed contraction of the organ on stimulation of either end of the 
vagus Thus he found that stimulation of the central end of the vagus 
on one side, the other side being severed for the sake of eliminating the 
cardiac effect, was always followed by more or less marked contraction 
of the organ Comparing this result with that obtained by stimulating 
the sciatic nerve, he regarded these two as analogous and thought that 
in this case the vagus was aoting merely as a sensory nerve Repeated 
trials on my part to obtain this effect resulted to my astonishment not 
in contraction but invariably m a more or less marked dilatation of the 
organ At the same time a gradual fall in blood-pressure was observed 
(Fig 6) This fall is typical of the action of the depressor nerve and led 
me to suppose that this dilatation was also due to the same cause And 
such has actually been shown to be the case by Bayliss 1 who, using 
rabbits in which the depressor is running as an independent nerve, 
observed this same dilatation of the spleen, the only difference being 
that there was no after-contraction such as I observed m the spleen of 
cate (see below) Here again the change in volume of the spleen occurs 
a few seconds after the fall m blood-pressure When stimulation ceases, 
the blood-pressure returns gradually to its initial height, the spleen 

1 This experiment is not described in any of Bayliss’s writings, nor indeed else 
where, bnt the tracing is given in Starling, Principles of Human Physiology, to Ulus 
trate another subject and was unknown to me when this work was being earned out 
Prof Starling informed me that the tracing was given to him personally by Bayliss 
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contracts simultaneously, and there follow further several intensified 
wave-movements If the stimulation he strong or continued longer, say 


v 

% | 


"1 

X 

i 

i 

- 

n * j 


Fig 6 Stimulation of central end of vagus. Upper curve blood pressure Middle curve 
spleen volume. Lower curve time and base line of blood pressure. Time, 1 sec. 

more than one minute, the blood-pressure nses higher than its initial 
height when the stimulation is over and the spleen shows also strong 
after-contraction, so that it becomes for a short time far smaller m volume 
than it was before the stimulation In any case the wave-movements 
following this are generally more obviously intensified than is the case 
after stimulation of the peripheral end In comparing this with the 
effect of stimulation of the sympathetic a marked resemblance is evident, 
and very possibly this after-effect is due to the secondary action of the 
increased secretion of adrenaline 

Bayliss(S) obtained similar results also m the submaxillary gland 
of cats He cut out tbe sympathetic going to the gland on one side, 
leaving the chorda tympam mtact, and stimulated the central end of 
the vagus of the other side In this way he observed the typical fall m 
blood-pressure, increased outflow of blood from the gland, and also 
increased secretion of sahva Considering that this result might he due 
to the action of the depressor nerve, he made further experiments to 
verify it In cats the depressor fibres axe said to run in the left side 
both m the vagus and m the sympathetic, while m the nght side the 
vagus only contains them He therefore took out these nerves on both 
sides and stimulated them separately, and observed in this way that 
stimulation of the central end of the nght vagus, left vagus and sym- 
pathetic provoked the fall of blood-pressure and the increase of both 
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blood outflow and salivary secretion, while stimulation of the right 
sympathetic produced no result but a sbght rise m blood-pressure These 
responses are more marked m the case of the right vagus than in that 
of the left vagus and the sympathetic together This shows that more 
depressor fibres are contained in the right vagus than m any one of the 
remaining nerves Moreover, he observed that the increase in the outflow 
of blood is proportional to the depressor effect In control experiments 
on rabbits, in which the depressor runs, as already stated above, not m 
the vagus trunk but as an independent nerve, he confirmed the view that 
these effects are really due to the action of the depressor nerve 

Does such a relation exist between the stimulation of the vagus and 
the spleen volume ? If such is proved, then we obtain a further proof 
in support of the view that this dilatation of the spleen is due to the 
depressor action, although it has already been confirmed by Bayhss 
himself in rabbits In order to establish this point I took these four 
nerves as he did, and stimulated their central end separately The result 
was exactly as was anticipated the stimulation of the right vagus caused 
most conspicuous dilatation, less evident were the results of stimulating 
the left vagus or sympathetic, while the right sympathetic gave no result 
of this kind at all 

Moreover, the dilatation provoked by the right vagus was nearly 
equal to the sum of those by the left vagus and sympathetic In 
other words, the depressor fibres are pretty evenly distributed m both 
sides 

The examples quoted below will show this relation 


Exp 1 1 u 1926 The vagus and the sympathetic of both sides m the nook were prepared 
for stimulation The central end of them was stimulated separately, the current being 
of the samo strength The results obtained are tabulated as follows 



R. vagus 

L. sympath 

L. vagns 

L. vagus + 
L. sympath. 

Increase of vol 

(I) 0 C.C 

(II) 0 o c 

2 o o 

5 0.0 

0 0 0 


0 0.0 




Decrease of vol 
(after effeot) 

(1) 1 3 o c 

(n) 8 o c 

5 o o 

7 c c 

1 2 c c 


1 1 c c 




Exp 2 8 u 1920 

The samo kind of experiment was done 

The results aro os follows 


R vagus 

L. sympath 

L. vagus 

L. vagus + 

L. sympath 

Increase of vol 

(i) 1 6 o c. 

(n) 1 3 c.c 

7 c c 

1 1 c c 

8 c c 

9 c c 

1 3cc 
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These results undoubtedly show that what bas been found by 
Bayliss in the submaxillary gland, is exactly applicable to the spleen, 
and in my opinion this is sufficient evidence that the stimulation of the 
central end of the vagus causes in cats the dilatation of the spleen, vrhich 
action is duly attributable to the effect of the depressor nerve However, 
in some cases, if the strength of the stimulation and the sensibility of the 
animal are brought mto such a relation as to cause a strong sensory 
impulse -without the depressor effect, then such a contraction as Roy 
observed might be seen In this case there is of course no fall but rather 
a nse m blood-pressure Therefore Roy’s new that the vagus acts as 
a sensory nerve is still to a certain extent correct, especially since, in 
the tracing given by Bayhss(S) taken from rabbits m -which the de- 
pressor nerve but not the vagus -was stimulated, only the dilatation is 
seen and no after-contraction at all 

SUMMABY 

1 The stimulation of the peripheral end of the vagus m the neck 
causes a diminution in the spleen volume But if the fall of the blood- 
pressure is prevented by means of a blood-pressure compensator, or if 
the vagus is stimulated made the thorax belo-w the point at vrhich the 
nerve sends out its cardiac branch so that no considerable change m 
blood-pressure occurs, the stimulation does not provoke any change in 
the spleen volume at all Moreover, the spleen volume vanes with the 
blood-pressure Therefore this shrinkage of the spleen is merely a passive 
effect due to the fall of the blood-pressure 

2 The stimulation of the central end of the vagus provokes the 
dilatation of the spleen This dilatation is to be ascnbed to the stimula- 
tion of the depressor fibres, -which m cats are contained m the vagus 
trunk m the nght side and both in the vagus and the sympathetic m the 
left side the distribution of the fibres is nearly equal m both sides 
Therefore the effect evoked by the nght vagus is nearly as strong as the 
sum of those by the vagus and the svmpathetic respectively of the left 
side 

I desire to express my gratitude to the late Prof. Langley, who 
kindly gave me the pnvilege of working m his laboratory, and my sincere 
regret for his death My thanks are also due to Prof Barcroft 
for his suggestions, encouragement and help continuously gxren to 
me throughout the -whole course of this research 
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STUDIES ON THE INTERNAL SECRETIONS OF THE 
OVARY III The effects of injection of cestnn 
during lactation 

By A. S PARKES {Beit Memorial Research Fellow) 
and C W BELLERBY 

(From the Department of Physiology and Biochemistry, University 
College, London ) 

I Introduction 

In a previous paper (7) it was shown that the cEstrus inhibiting function 
of the persistent corpus luteum of pregnancy may he overridden by 
injection of cestnn 1 , and the significance of this fact was also discussed 
In the present communication the effects of injection of cestnn dunng 
lactation, when a state of prolonged diaastrus is normally found in the 
mouse (Q) and in the rat(i), is dealt with Hitherto, the evidence that 
the persistent corpora lutea of lactation which are found in these 
animals (4) are responsible for the non-occurrence of oestrus has not been 
so definite, as in the case of the persistent corpora lutea of pregnancy 
Functional correlation, however, strongly suggests some such mechanism 
and it is hoped to show fairly definitely in the present paper that the 
non-occurrence of oestrus dunng the suckling of a litter of more than 
two is due to the persistence of the corpora lutea resulting from the 
immediate post-partum ovulation This whole question will be discussed 
in some detail later, but it may be said here that the a priori idea behind 
these experiments was that the injection of a fairly large umtage of 
cestnn might ovemde the persistent corpora lutea, and lead to the 
abnormal occurrence of oestrus dunng lactation 

Later, when it was found that large doses were required, some other 
expenmenta, which will also be recorded here, were started on the effects 
of large doses on the non-suckling ovanotomised mouse Still later in 
this senes of experiments the effects of injection into suckling ovano- 
tomised mice were investigated 

II Methods and materials 

Little new in the way of methods and matenals needs to be described 
The preparation of the extracts, and the detection of the mstrous cycle 
‘ Elae,rf,ere as a convenient term for the cestms produemg hormone of the 
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and pregnancy as applied to this work were described in Part II of this 
senes Points specially relevant to this present paper are dealt with 
below 

Source of cestnn The method of preparation has been the same as 
previously described, but more diverse matenal has been used as a 
source It has, of course, been reported frequently that the oestrus 
producing hormone can be extracted from placenta, but the greater 
initial punt y of ovanan extracts makes the use of ovanes preferable for 
experimental work The use of placenta as a source is, however, far less 
expensive, and practically all the matenal required for the experiments 
descnbed in this paper was obtained from a mixed batch of ovanes and 
placenta The crude production had a comparatively poor activity per 
gram, but purification with methyl alcohol at 0° C resulted m a product 
sufficiently pure to make an emulsion giving 20 m u (mouse units) 
per c c This product, when tested, was kept m cold store and emulsified 
in small quantities from time to time as required 

Method of injection In the experiments on injection during pregnancy 
the doses given were spread over a number of days, but in the present 
senes the whole amount to be given was injected at one time The 
advantages of this were twofold (a) m the absence of any information 
as to how long cestnn will remain intact m the body, injection at one 
time afforded a better index of the effective dosage, and (6) it was posable 
to obtain a more accurate time relation After these expenments were 
begun, however, Evans and Burr(i) reported that a given amount is 
more efficient when administered m a number of injections After in- 
jection vaginal examinations were made until such time as oestrus 
appeared and passed off, or if oestrus failed to appear until such time 
as all probabibty of it appearing had vanished 

Time of injection Since it seemed not impossible that the suscepti- 
bility to an extraneous supply of oestnn might vary during the three weeks 
of di oestrus dunng lactation, it was endeavoured to make the injections 
at approximately the same stage of lactation The actual time arrived 
at was the tenth day after parturition when the corpora lutea of lacta 
tion are presumably at maturity In some few cases injection took place 
a httle either side of this stage, but all the injections were made between 
the eighth and twelfth day of lactation 

Weighing of young Where it was desired to ascertain the effects of 
injection of the suckling mother on the growth curve of the young, 
daily weig hin g of the fitter was made dunng the whole of the suckling 
penod of three weeks From the total weight, the average weight of 
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the individuals each day was arrived at The same system had been used 
previously (5) in working out the growth curves of normal young, and 
the control growth curves were, therefore, already in existence In the 
normal growth curves it had been found that the number in the Utter 
suc kling was a very potent factor in deter minin g the individual growth 
curve, and for t his reason it is essential to compare the growth curves 
of exper im ental young with those for normal animals of the same size 
of Utter 

Moling of sue! ling females In cases where an artificial cestrous penod 
was induced during the dicestrus which normally occurs dunng lactation, 
it was desirable to ascertain whether or not ovulation took place at the 
same time and, furthermore, to ascertain whether the female would 
become pregnant This involved the mating of the suckling females, and 
this was found to present one of the most awkward practical problems 
associated with the work Since eating of some of the yonng by either 
the male or female neatly always took place, and since it was clearly 
undesirable to have part of the Utter eaten as soon as the injection was 
made, the mating was not made until cestrous symptoms were observed 
If copulation took place the Utter was immediately removed so that an 
optimum chance of pregnancy ensuing was provided. (See KirkhamP) 
for discussion of the inhibitory effect on implantation of suckling ) This 
procedure meant tbat animals used for mating at tbe induced cestrous 
penod could not be used for testing tbe effect on the growth curve of the 
young 

EH Effects of labge doses of cesteix 
When it became clear that large doses of cEstrrn were required to 
produce cestrous symptoms in animals suckling a big Utter, it was thought 
desirable to investigate tbe effects of giving large doses to non-snekhng 
ovanotomised mice From the routine testing of extracts it had been 
noticed tbat 

(a) The least dose required to produce oestrous symptoms (i e Imu.) 
produced conufication lasting m more than half the cases for one day 
only In a smaller percentage of tests conufication resulting from the 
administration of one mouse unit was observed to last over two con- 
secutive daily examinations, namely, between 1 and 2 days One mouse 

unit was very rarely found to produce more prolonged conufication than 
this 

( b ) Administration of heavy doses, however, produced conufication 
lasting over many days 

It was decided, therefore, to do a fairly large number of injections 
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of known quantities of cestnn into ordinary ovarioto raised mice with a 
view to ascertaining what correlation, if any, existed between the number 
of mouse units injected, and the duration of the comifioation produced 
At least one injeotion was made of every dose between 2 and 20 m u , 
and the 105 injections made in all gave the following correlation table 


Table J. Correlation table for number of mouse amts injected and days of ceatrua 

produced. 


Mouse Units 


2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 
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3 
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30 13 47644463414333322 106 


Superficial examination of this table shows a very definite positive 
correlation between the number of mouse units injected and the duration 
of comification The following remarks may be made relative to this 
table 

(1) The coefficient of correlation is 904 ± 012, which indicates a 
very marked relation between mouse units injected and length of result- 
ing oestrus 

(2) Since the difference between r = 904 and n = 934 is barely 
significant, tbe relation between the mouse units and days of oestrus 
may be regarded as linear 

(3) Tbe average variability for the result of the injection of a given 
number of mouse units is represented by a standard deviation m length 
of oestrus produced of 99 days 


IV Injection during lactation 
(a) Effect on recurrence of oestrus 

As was pointed out in a previous paper (6), oestrus occurs in the mouse 
within 24 hours of parturition In the absence of suck ling after parturi- 
tion, oestrus recurs after a period correspond mg to the normal length of 
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the (Estxous cycle, so it must he assumed that the iact of parturition 
having taken place does not further disturb the cestrous cycle If, how- 
ever, suckling takes place no cestrous symptoms are normally experienced 
for some three weeks after the immediate post-partum penod This 
suggests that the fact of suckling taking place transforms the corpora 
lutea of the immediate post-partum ovulation into persistent corpora 
lutea with an oestrus inhibiting function 1 

Further, since prolonged suckling of the same or of a foster litter 
does not farther postpone oestrus it may be supposed that the greatest 
duration of the functional life of the persistent corpus luteum of laotation 
in the mouse is little more than three weeks 

A detailed account of the effects of lactation on the cestrous cycle in 
the mouse is to be found in the previous paper (Parkes(6)), hut it is of 
importance to note here that it was previously found that the suckling 
of litters of one or two only did not produce the inhibitory effects of 
suckling larger numbers of young Ho satisfactory explanation of this 
was arrived at, but when injections of cestnn during lactation were 
started it was thought from this fact that females suckling large litters 
might require a greater dose to produce artificial oestrus than animals 
suckling fewer young 

Dosage of ossinn necessary to produce oestrus The fewness of fitters of 
8 and 9 bom precluded much work being done with these sizes of litter 
suckling, but for all sizes between 3 and 7 the least number of mouse 
units of cestnn sufficient to override the persistent corpus luteum of 
lactation and produce an artificial cestrous penod has been determined 
The experimental records are given in Table II below 

In these expenments the procedure was to start with a low dosage 
for each litter size and work upwards until a dose was found which would 
bnng the doe into oestrus, each injection being made into a different 
animal In all 37 injections were made into females suckling vanous 
sizes of litter before the minimum dose for each size of litter up to and 
including Utters of 7 was determined In addition, untreated does 
suckling Utters of 2-3-4 were again examined for the occurrence of 
oestrus during suckling, audit was again found that no untreated animn] 
suckling more than two young comes into cestms during this penod 
The whole of these results are shown dia grammatically in Fig 1 below 


1 The toll evident that tie persistent corpus lntema has an oestrus inhibiting action 
rs not dismissed in this or in the previous paper dealing -with the persistent corpus luteum 
dating pregnancy It is hoped to discuss this folly m a later paper relating to the nrenara 
tion of oestrus inhibiting extracts from corpus luteum. * 1 
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Table U ilonse units injected according to size of litter suokling 

No of 

No being 


Stage of 
lactation 

M.U 

animal 

suckled 

No bom 

when injected 

given Result 

LVS 
142 6 

2 

2 

8 

9 

No injection 

0 + 

0 + 

140 

139 

178 

3 

3 

3 

5 

11 

4 

» 

10 days 

10 „ 

0 

2 

3 

182 

3 

8 

9 „ 

4 + 

142 a 

4 

4 

No mjeotion 

0 

164 

4 

4 

11 days 

1 

160 

4 

7 

10 „ 

2 

138 
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10 

10 „ 

3 

149 

4 
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9 „ 

4 

133 

4 

4 

10 „ 

6 + 

162 

6 

6 

10 „ 

1 

132 

6 

5 

11 „ 

3 

167 

6 

8 

10 „ 

3 

146 

6 

5 

12 „ 

4 

160 

6 

6 

9 „ 

4 

126 

6 

6 

12 

5 

130 

6 

4 

11 „ 

6 + 

137 

5 

8 

10 „ 

7 + 

128 

6 

6 

10 „ 

8 + 

166 

0 

6 

10 „ 

2 

169 

8 

7 

10 „ 

3 

131 

6 

6 

11 ,, 

3 

166 

6 

6 

10 „ 

4 

122 

6 
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12 „ 

5 

126 

6 

9 

11 ,, 

6 

136 

6 

8 

11 „ 

6 

166 

6 

6 

10 „ 

7 

163 

6 

8 

11 „ 

8 

173 

6 

6 

9 „ 

9 + 

127 

6 

6 

10 „ 

10 + 

163 

7 

8 

10 „ 

1 

168 

7 

9 

10 „ 

4 

129 

7 

8 

8 „ 

6 

141 

7 

10 

10 „ 

6 

135 

7 

7 

10 „ 

7 

148 

7 

7 

8 „ 

8 

136 

7 

9 

10 „ 

9 

183 

7 

9 

9 „ 

10 + 

176 

7 

8 

9 „ 

11 + 


In Fig 1 points at which observations were made are shown by 
circles, positive results being solid and negative results hollow circles 
Since two young only suckling are not sufficient to inhibit oestrus the 
minimum dose of cestnn required must be considered in relation to the 
number of young suc klin g m excess of two, and it will be seen from the 
above diagram that the number of mouse units required is roughly 
equal to twice the number of young m excess of two In other words, 
the number of mouse units required to produce oestrus during lactation 
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is 2 (n - 2), where n is the number of young suckling The approximation 
to this equation is only rough, the points for Utters of three do not agree, 


• pvsitfye result 
O remt/re result 



2 3 4 5 6 

Size of Lifter Suckling 

Rg I Number of mouse units required to produce testms during lactation. 

for instance , but, nevertheless, the line given by the equation does repre- 
sent the general nature of the results 

It was at first thought that the real significance of these results might 
he in the number of mouse units required being correlated with the 
number bom, and only superficially with the number suckling (the 
number bom being m most cases the same as the number suckling) 
With this in view cases were prepared where the two numbers were 
different, and these cases show conclusively that the number suckling 
not the number bom, is the crucial factor The two females suckling 
only two each, for instance, came into oestrus in spite of the fact that 
they bad had respectively litters of eight and nine bom 

Why each additional young suckling should be able to nullify the 
injection of two additional mouse units is not at the moment obvious 
but it is dearly only an extension of the problem of how lactation inhibits 
oestrus and will be dealt with m Section Y 


20 
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Does ovulation occur at the artificial oestrus period ? The records given 
above make it clear that changes analogous to those characteristic of 
normal oestrus can be produced in the accessory organs during lactation 
by the administration of sufficient amounts of oestnn In addition, m 
cases where the injected suckling animal was mated, copulation in- 
variably took place if the injection was sufficient to lead to the character- 
istic changes m the vagina Since copulation will only take place at 
oestrus this fact has three interesting implications 

(a) Additional evidence is provided that the comffication of the 
vagina as detected by the vaginal smear technique is a reliable criterion 
of cestrus 

(b) Smce copulation only took place when cormfication was observed 
after injection, it is shown that the minim um amount of oestnn required 
to produce cormfication during normal dioestrus is also the minimum 
amount which will give nse to the psychic symptoms resulting in copu- 
lation 

(c) It is also evident that the induced or artificial cestrous penod 
brought about during lactation by injection of oestnn is a real and genuine 
penod accompanied by all the normal non-ovanan symptoms 

The next question to consider is as to whether or not these induced 
penods of oestrus are completed by the recurrence of ovulation This 
problem was approached by (a) the observation of the results of copula- 
tion at the induced period, and ( b ) by the histological examination of 
ovanes after injection If ovulation had taken place at these penods it 
is reasonable to assume that pregnancy would follow copulation m at 
least a proportion of cases, especially m view of the fact that females 
used for this test had the litters removed after copulation Five animals, 
outside the senes recorded above, were used for this purpose, and heavy 
doses were given to ensure that cestrus would occur Mating took place 
the day following the injections The results were as follows 


Table III. Results o£ copulation at the induced cestrous penod 


No o£ 
animal 
134 

180 

181 

185 

187 


Stage of 

No 

M.U 

lactation 

bom 

given 

8 dayB 

7 

15 

10 „ 

5 

10 

10 „ 

4 

10 

9 „ 

10 „ 

6 

6 

12 

12 


Result 

CEstrous symptoms and copulation, 
but no pregnancy 
do 
do 
do 
do 


These results suggest 
induced cestrous penod 


that ovulation does not take place at the 
This conclusion was supported by the histo- 
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logical examination of the oranes of further animals treated m the 
same way but killed after copulation, and is m keeping mth the results 
previously reported for the infection of cestnn during pregnancy 

(b) Effect on lactation 

Since oestrus and lactation axe incompatible for at least three weeks 
after parturition, excluding the immediate post-partum period, it seemed 
possible that the artificial production of cestnis during this time might 
adversely affect the lactating powers of the female The intensity of 
lactation can only be judged indirectly m an animal such as the mouse, 
but for at least 17 days the young are entirely dependent on the activity 
of the mammary glands of the mother, and their growth indicates the 
efficiency of the mother in this respect It was, therefore, decided to 
study the growth curves of the young suckled by does artificially brought 
mto oestrus The growth of young mice under normal conditions m the 
colony had already been fairly extensively investigated ( 5 ), and provided 
good data with which the growth curves of the experimental young could 
he compared 

The growth curve of the young mouse during the suckling period 
consists of three distinct phases The first is one of steady growth and 
lasts for about 10 days Following this, there is a slackening off in the 
rate of growth, and during this phase both the gross and percentage 
daily increment fall considerably At about 17 days the third phase, 
characterised by very rapid growth, sets in, and, though the percentage 
increment never becomes as high as during the first week, the gross 
increment increases again During the last 3-4 days of this third phase 
the young begin to eat for themselves 

As might be expected, growth is very much more rapid when a small 
Utter only is being suckled, tbe individual gross and percentage incre- 
ments are much reduced where the Utter is large This necessitates a 
normal growth curve being made for each size of Utter 

From the point of view of the lactation experiments it is unfortunate 
that the cestnn injections had to be made just when the growth of the 
young was slackening for other reasons Injection of the mother during 
the first phase of rapid growth might have yielded more striking results 
Ei en so, however, where a considerable mouse unitage was injected mto 
the mother at 8th-12th day of lactation, the growth of the young was 
much retarded compared with the normal growth 

The following diagram shows the growth curves of certain of the 
experimental Utters compared with normal curves for the corresponding 
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Bize of litter The arrows indicate the time at which the injection of the 
mother took place, and it will be seen that in each case the normal and 
experimental curves follow the same course to this point, after which 
the experimental curves definitely drop below the normal 



Fig 2 Growth curves of young of normal and injected mothers 

All of these three does had a sufficient dosage of cestrin to produce 
oestrus N 162 had 12 m u , N 173 9 m u and N 177 10 m u The same 
check in the growth of the young was observed to a lesser degree where 
the injections were not quite sufficient to produce cestrous changes 
There seems little reason to doubt that this check is a real effect of 
injection, and the fact serves to emphasise still further the reciprocal 
correlation between ovaries and mammary gland At the same tune it 
is possible that the increased metabolism associated with oestrus might 
in itself have an adverse effect upon lactation 
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T The mechanism ob the cestbus inhibition set up bt lactation 

The fact that oestrus does not occur during lactation in either the 
rat or the mouse is usually ascnhed to the fact that lactation has resulted 
m the corpora lutea of the immediate post-partum ovulation becoming 
persistent Long and EvansW m the rat for instance, showed that 
removal of the young in the middle of the suckling period resulted first 
m degenerative changes in the corpora lutea and then m the appearance 
of cestrous symptoms Why the suckling of less than three young does 
not have the same effect of making the corpora lutea persist and inhibit 
(Estrus is not clear, but it suggests some purely quantitative mechanism 
such as HammondCl has suggested in the regulation of the cestrons 
cvcle Some such supposition is also pointed to bv the correlation shown 
above between the number of mouse units necessary to produce oestrus 
and the number of young suckling Once the corpora lutea have become 
persistent it is extremely difficult to see why they should be more potent 
when more young are suckling It may be emphasised again that the 
number bom is of no importance, the number suckling is the vital factor 
Also it is difficult to see whv the corpora lutea of lactation can, m certain 
circumstances, withstand up to 10 m u., where the persistent corpora 
lutea of pregnancy are overridden in many cases by 5 m n (7) These 
facts lead to the consideration of the possibility that the control of the 
history of the corpus luteum by the mammary gland might be more 
apparent than real, and that the inhibitory effect of lactation might be 
merely a question of maternal exhaustion 1 If this were so the histo- 
logical persistence of the corpora lutea could be explained on the grounds 
of the absence of cestrous stimulus 


In addition since cestnn is fat soluble, the further possibility arose 
that the excessive lactation of the mouse might actually dram away a 
certain amount of the hormone, and account (1) for the normal occur- 


rence that one or two young have no inhibiting effect, and (2) for the 
fact that every additional young suckling increased the amount of 
osstnn which had to be injected to cause cestrous symptoms Against 
this conception there is of course the fact recorded in a previous paper (6) 

1 The amount of milt secreted bv a lactating mouse is relatrvelv very great. An 
averacc sized Utter vreizhs about 10 gnu. m all at the tame when it ceases to become totally 
dependent ou the mother (. f. at lS-19 davs old). Of this amount at least 30 grm. have 
been put on during locution representing some 15 grm. of drv matter Even if the dix 
matter excreted bv the voung is reflected, and even if it be assumed that mouse mSk 
has as much as 20 p a drv matter it vould seem that the lacUtmg mother must prodoce 

T ^ t ” 11 m k da ™' or 4 erm per dav This represents f-J of its orrn sveLit per 
Ou the sanv* basis & cow would prodace 2 cwt, of mi ry per dav ^ 
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that prolonged suckling of foster litters does not further inhi bit oestrus 
after the involution of the corpora lutea of lactation, but nevertheless 
the possibility appeared to be worthy of further consideration 

The whole question comes down to this Does lactation inhibit 
oestrus by an influence exerted on the ovary, and hence presumably 
through the corpora lutea, or by some other means ? 

The experimental answering of this question has been comparatively 
simple If the in h ibition is set up through the ovary, then the removal 
of the ovanes should stop the inhibition, while if some other mechanism 
is concerned removal of the ovanes should not inhibit the effect of 
lactation m nullifying the injection of heavy doses of cestnn In other 
words, does a lactating ovanotomised mouse require more cestnn to 
produce cestrous symptoms than a non-suc klin g ovanotomised mouse ? 
To answer this question a number of mice were ovanotomised soon after 
partuntion and subsequently injected while still suckling The results 
are summarised in the following table 


Table TV Injection of ovanotomised suckling mice 


Mouse 

No 

bom 

Ovariotomy 
(days after 
parturition) 

Injection 
(days after 
parturition) 

No 

suokluig 

Mouse 

units 

Result 

N 208 

4 

6 

9 

3 

1 

Positive 

N 209 

5 

C 

10 

3 

2 

„ 

N 211 

4 

6 

8 

4 

1 

ft 

N 194 

5 

2 

8 

4 

2 

ft 

N 202 

10 

8 

12 

6 

1 

ft 

N 212 

5 

4 

8 

6 

2 

ft 

N 213 

8 

4 

8 

5 

3 

ft 

N 190 

0 

G 

12 

0 

1 

Negatno 

N 193 

7 

3 

9 

0 

2 

Positive 

N 195 

7 

3 

9 

0 

3 

ft 

N 190 

8 

3 

9 

0 

4 

Negative 

N 191 

9 

4 

10 

7 

1 

N 174 

7 

4 

8 

7 

2 

Positive 

N 175 

8 

5 

9 

7 

3 

t* 


This table shows no trace of the correlation between mouse units 
required and number suckling which was demonstrated m the case of 
the non-ovanotomised mice, two mouse units being sufficient in e\ erj 
case to produce cestrous symptoms This result leads inevitably to the 
conclusion that, though there may be a slight inhibiting action set up 
by lactation per se, it is able to override n6 more than 1 m u of cestnn, 
and hence to the conclusion that the mechanism of the inhibition is 
dependent upon the ovary and hence presumably dependent on the 
corpus luteum At the same time these expenments throw no bght on 
the mechanism whereby the functioning of the mammary glands causes 
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tlie corpora lutea of ovulation to persist Some internal secretory 
mectianism has been suggested, but the evidence is very uncertain 


VI Summary 

(1) A mouse suc kling a litter of more than two does not come into 
cEstrus (except for the immediate post-partum penod) during normal 
lactation This is usually ascribed to tbe act of lactation causing tbe 
corpora lutea of tbe post-partum ovulation to become persistent and, 
therefore, oestrus inhibiting 

(2) By injection of the oestrus producing hormone during this time 
it was found possible to induce oestrus, at -which copulation -would take 
place The amount required, however, showed a close correlation with 
the number of young suc klin g Where litters of seven were suckling as 
much as ten mouse units of cestnn were required The minimum amount 
necessary decreases with the size of litter, until, as already shown, where 
only two young are suckling no injection is required, oestrus is spon- 
taneous 

(3) Since no pregnancy was observed to follow copulation at the 
induced oestrous penod and since ovanes sectioned after copulation 
showed no young corpora lutea, it is concluded that ovulation did not 
occur during the artificial penod 

(4) Mice ovanotomised early m lactation required only small amounts 
of cestnn (about two mouse units) to produce cestrus, whatever tbe size 
of fitter suckling, so it is clear that the inhibitory effect of lactation is 
set up via the ovary, and hence presumably via tbe persistent corpus 
luteum 

(5) These results on the ovemdmg of the cestrus inhibiting persistent 
corpora lutea of lactation are clearly comparable with the conclusions 
reached as the result of injection of CEstnn during pregnancy fr> but the 
dosage required to ovemde the corpora lutea of lactation is greater than 
that required in the case of the corpora lutea of pregnancy 

As in previous work we are much indebted to Dr F H A Marshall, 
F R S , and Professor J C Drummond for criticism and advice, and 
to Dr F W R Brambell for histological assistance 

In addition our thanks are due to Dr E S Pearson for assistance 
with statistical treatment 


The expenses Of the material required were defrayed from a grant from the Medical 
Research Council and the ammala used were recruited from a colony maintained with 
the aid of a grant from the Goremment Grants Committee of the Royal Society 



314 


A S PARKE S AND G W BELLERBY 


REFERENCES 

1 Evan? and Bnrr Amor Jonm. Physiol 77 p 518 1920 

2 Hammond Reproduction in the Rabbit, 1925 

3 Kirkham Joum Exp Zool 27 p 49 1918 

4 Long and Evans Memoirs of the University of California, No 0 1922 

5 Parkes Ann. App BioL 12 p 374 1926 

6 Parkes Proe Roy Soo B 100 p 15 1 1926 

7 Parkes and Bellerby This Jonm. 02 p 146 1926 



THE OSMOTIC PRESSURE OF THE AQUEOUS 
HUMOUR AND ITS PHYSIOLOGICAL 
SIGNIFICANCE 

By TV STEWART DUKE-ELDER 

(Henry George Phmmer Research Fdloic) 

(From the Biochemical Department, St George s Hospital, London ) 

Xjj two previous papers a) it has been suggested that the vascular 
pressures in the eye showed nothing incompatible with the hypothesis 
that the mtra-ocular fluids were formed by dialysation from the blood 
The osmotic pressure of the aqueous humour and its value relative to 
that of the blood is a question of equal importance, and m the con- 
sideration of the mech anis m of the formation and absorption of this 
fluid these two inter-related pressures must always be viewed together 

The literature of the subject shores a wide divergence of opinion- Two methods have 
been emplored in the determination of the osmotic pressure of the aqueous humour 
a physical method depending on the lowering of the freezing point and a biological one 
based on the plasmolvns of red blood corpuscles. 

The difficulty of the small quantity of fluid available compelled those employing the 
cryoscopic method to experiment with the collected aqueous humour of many animals, 
and to compare this with a typical” sample of serum. The earlier observers consistently 
arrived at the conclusion that the aqueous was hypertonic to blood serum, the average 
ratio being about 11 10 — Dreser (os) o, Kunst (ox ) Ob Kichon Dungnand 
(rabbit) to Botazzi and Sturgio (ox) <si, Scalmci (dog) Wt Later, van der Hoeve 
(ox) r>, finding variations in either direction, pronoxmeed them isotonic, a conclusion 
corroborated by Osborne (ox) <*> while Deiter (rabbit) rei, using a micro-apparatus 
and comparing the two fluids of the same animal, found in three experiments that the 
aqueous humour wa3 isotonic in one and hypotonic to the serum m two Largely owing 
to technical difficulties the method has therefore given inconclusive results Further an 
exact comparison cannot he said to result from the lumping together of the aqueous 
humour of several a n i m als and the comparison is rendered s till more questionable when 
it is remembered that in the es ti mation a temperature difference of 0 001 c C — a quantity 
difficult to measure with any approach to accuracy — registers to the quite appreciable 
variable of 9 mm. He 

Cong the method ol plasmolvsis the earlier observers were again united m considering 
the aqueous humour hypertonic to serum — Hamburger (horse) tip, Kunst <*j, llanca 
and Deganello (oxen) mi — a conclusion supported bv Manca art nsmn the hrematoent. 
Later investigator*, however, using the same method, failed to get the same consistent 
results. F omer (ox) on considered that the friability of the red cells waned m itself up 
to 50 p c. and he amved at the same conclusion as Xuel un and Riesling rii) (using 
various animals) that any differences found were within the limits of the experimental 

21 
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errors involved m the method, and that the aqueous humour was laotomo with the blood 
serum “more or less ” The method cannot pretend to great accuracy, and m addition 
to the source of error depending on the variable behaviour of the red cells, there are others 
depending on the treatment of the serum 

From a consideration of these results it would seem apparent that, 
whatever their exact relationship, the osmotic pressure of the aqueous 
humour and the blood are not far removed in magnitude, and in com- 
paring values so nearly allied, and in dealing with solutions so widely 
different in their molecular aggregation, it would seem preferable to 
employ as far as possible a direct method of measurement If the 
aqueous humour is a dialysate, the difference between the osmotic 
pressure of this fluid and the plasma can be determined by such a 
method, which is very much more sensitive than those hitherto employed, 
and will allow the comparison of the two fluids of the same animal to 
be made under conditions as constant and as near to the normal as 
experimental manipulations permit 

In the present experiments the total osmotic pressure was divided 
into two fractions — that due to the coDoids and that due to the crystal- 
loids The osmotic pressure of the former was measured directly by 
employing a micro-osmometer capable of dealing with the small quan- 
tities of fluid available, provided with a membrane impermeable to 
colloids Through this membrane the crystalloids could permeate freely, 
and any variation m their distribution through osmotic interchange was 
determined by estimating their concentration before the experiment 
commenced and after equilibrium had been estabhshed These estima- 
tions were co nfin ed to the aqueous humour, since, being a comparatively 
simple and dilute solution, the results obtained therein are more readily 
interpreted than corresponding results obtained m blood Any change 
m the total concentration of dissociated salts was determined by electrical 
conductivity measurements the aqueous is to all intents and purposes 
a physiological salt solution and practically protein-free, and it may be 
taken that the measure of its conductivity under constant conditions 
provides an index of any change m its salt content Any change m the 
concentration of undissociated crystalloids, which are represented largely 
by sugar, was determined by the chemical estimation of this substance 
The difference m osmotic pressure due to the non-diffusible substances 
was therefore read off directly on a manometer as mm Hg, since the 
membrane offered no permanent resistance to the passage of diffusible 
substances and they would therefore pass freely from one side to the 
other until osmotic equihbnum had been established, a determination 
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of any change in their distribution would he an index of the difference 
m the component of the osmotic pressure due to their influence A sum- 
mation of these two fractions was taken as providing a relative deter- 
mination of the total osmotic pressure of the two fluids 

A micro-osmometer was designed as illustrated, and throughout all 
the experiments it was used immersed m a thermostat kept at 18° C 

To KOHLRAVSCH 
APPARATUS 



Fig 1 


0 3 c e of blood (1 x l 7o 5 I T h 1 T* contain 

contain Olco oi uqlus ( ° ?,’ ^ ‘TT "" 

ivhich was found most convenient to tvork mth as til tot 7' ° £ ^ 
Of aqueous obtainable W tbe ,vo of tbe 
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to 0 30 c c , and a cell of such size, while being shallow enough to allow 
osmotic equilibrium to establish itself fairly rapidly, at the same tune 
permitted the spacing of two rectangular electrodes of sufficient area at 
a sufficient distance apart to ensure reliable conductivity measurements 
Between the two a membrane of cellophane* was interposed (c), sup- 
ported by a stout copper gauze (d), the joint being made water-tight 
by surrounding the gauze on both sides by a thin rubber washer peri- 
pherally, which, fitted accurately into a shallow ledge (e) cut from the 
plate (B) The washer projected slightly from the sides of the aqueous 
cell so that the electrodes at no place came into contact with the gauze, 
and this latter was further insulated by coating it with bitehte, thus 
preventing any interference with the measurements of the conductivity, 
as was verified by standardisation with potassium nitrate Two platinum 
electrodes (/) were cemented on to the parallel sides of the aqueous 
cell, and led off by platinum wires (g, g), cemented into holes running 
through the thickness of the plate (B) These were earned above the 
level of the surface of the water in the thermostat by glass capillaries 
(h, h) ground and cemented into the plate of the osmometer Connection 
was then made through mercury contacts with a Kohlrausch apparatus 
From each cell, fitting securely by ground joints into holes running 
through the thickness of the glass plates, two tubes ran upwards above 
the water surface the one (j ) — the tube from the aqueous cell — ter- 
minated in a small rubber tube, which could be opened or closed by a 
clamp (A) , the other (1) — the tube from the blood cell — could be closed 
by a stop-cock (m), beyond which connection was made to a mercury 
manometer (n) and levelling bulb (o) 

The majority of the experiments were done on rabbits The aqueous 
humour was taken from both eyes and mixed It was withdrawn under 
sterile conditions by means of a syringe dried with alcohol and ether 
A special needle was made with a broad lance point, and this was intro- 
duced into the cornea near the limbus obliquely , such a needle is inserted 
with less disturbance than the ordinary round pointed instrument, and 
with the latter it is difficult to prevent the aqueous from escaping round 
it at the moment of its introduction 2 p c cocaine was instilled into 
the conjunctiva! sac as an anaesthetic, it has been repeatedly demon- 
strated that this procedure does not alter the properties of the mt-ra- 

1 See Vcrney (this Journal, 01 p 319, 1920), -who has tested the permeability of 
cellophano to crystalloids and its impermeability to serum proteins. I nm indebted to 
Dr Verney for demonstrating his apparatus to me before his work mas pnbhshcd from 
which I have freely borrowed several ideas 
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ocular fluids to any appreciable extent Before tbe needle was intro- 
duced the cornea was dned with blotting paper to avoid contamination 
by tears Blood was taken, also with aseptic precautions from tbe ear 
tbe central arterv or tbe marginal vein being used as tbe case required. 

In order to obtain accurate comparisons it vras considered necessary 
that tbe blood and tbe aqueous should be taken from tbe same animal 
Plasma in preference to serum vras employed tbe osmotic pressure of 
tbe two are different, if only by a small amount, and it is tbe former 
which, comes into equilibrium with tbe aqueous m nro It was also 
considered essential that tbe blood should be protected from air through- 
out, since tbe osmotic pressure varies with tbe carbon dioxide content; 
that it should be uncontammated by anticoagulants at any rate until 
tbe corpuscles had been separated off, since m tbe majority of cases, 
these substances are known to alter tbe distribution of rts constituents 
and that throughout all tbe manipulations it should be kept sterile, 
since with tbe activity of micro-organisms a fall in tbe osmotic pressure 
of its protein constituents takes place A stenie needle, connected with 
a glass tube (p), both of which were coated mtemallv with sterile paraffin 
wax, was therefore inserted into tbe arterv or vein after tbe ear of tbe 
animal bad been cleaned and shaved Tbe tube, supported in a rubber 
cork, led down to tbe bottom of a centrifuge tube (</), also rendered 
stenie and paraffin-coated, so that it opened under a layer of bquid 
paraffin. By sucking a second small tube (c), arranged after tbe manner 
of a wash-bottle, blood was drawn into tbe bottom of tbe centrifuge 
tube and lav underneath tbe layer of paraffin without at anv time having 
been m contact with tbe air Tbe cork with tbe two tubes was then 
withdrawn, and tbe blood, still under paraffin, was immediately centri- 
fuged. The middle layer of plasma was then pipetted ofi, and was ready 
for introduction into tbe blood cell 

Before use tbe osmometer was sterilised, tbe rubber washers and 
cellophane bv autoclaving tbe glass cells bv keeping them m a solution 
of perchlonde of mercury, and drying them with alcohol and ether Tbe 
mside of tbe instrument was then coated with stenie paraffin wax, care 
being taken to leave tbe surfaces of tbe electrodes clear To compare 
tbe conductivity of tbe aqueous humour before and after tbe experiment 
under constant conditions it was necessarv to obtain tbe first measure- 
ments after tbe fluid and tbe cell containing it bad assumed tbe constant 
working temperature, and before it bad opportunity of coming into 
association with the diffusible constituents of the plasma After 0 2 c c 
of the aqueous had been put aside for tbe determination of its glucose 
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content and its refractometnc value, a sterile vulcanite plug (s) was 
inserted into the open side of the aqueous cell, clamped into place and 
sealed with paraffin wax The cell was then filled with aqueous from 
the syringe, and the tube (j), after its lower end had been dipped into 
stenle liquid paraffin, was pushed home into position so that the aqueous 
rose a little way up its lumen, its exposed surface being protected from 
the air by a layer of liquid paraffin , the tube was then sealed into position 
with paraffin wax The half-cell was then imm ersed in the thermostat, 
and allowed to remain for half an hour until temperature equilibrium 
had been reached, when the conductivity was measured Thereafter it 
was taken out of the thermostat, the clamp (L) shutting the outlet of 
the tube was closed, and, the cell being turned with its inner side upper- 
most, the plug (a) was taken off, the cellophane membrane and its sup- 
porting gauze were put mto place, the washer being sealed with paraffin 
wax, and the blood cell (A), also paraffin-coated, was clamped mto 
position Into this the plasma was deposited directly from the centrifuge 
tube, and a small quantity of heparin added as a precaution, m addition 
to the paraffin, against subsequent clotting With the stop-cock open, 
the tube (l) was then pushed home until the plasma surface rose to 
the mark (f), when it was sealed mto place with paraffin wax, and the 
osmometer immersed again m the thermostat The clamp (I) was then 
opened, and the top of the tube ( l ) was connected with the manometer, 
whose level was adjusted by the levelling bulb so as to exert a pressure 
upon the meniscus of plasma approximating that which experience had 
shown to be the final pressure reading the stop-cock was then closed 
At the end of twenty-four hours the pressure m the air confined between 
the meniscus and the stop-cock was measured by manipulating the 
levelling bulb of the manometer until the level of the plasma had reached 
its original mark as deter min ed by observation through a horizontal 
microscope The apparatus was then allowed to stand for two hours to 
verify the attainment of equilibrium it was always found that this had 
been reached wit hin the first few hours Then, this being the case, the 
reading on the mercury manometer, corrected for the difference in level 
of a column of plasma between the meniscus and the cell and for the 
capillarity of the tube, gave the osmotic pressure of the non-diffusible 
constituents The conductivity was then again measured, the osmometer 
dismantled, and the aqueous was withdrawn for the estimation of its 
refractive index and its sugar content 

The “sugar” was estimated by the Hagedom-Jensen method The 
refractive index was taken in the thermostat under constant temperature 
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conditions with a Dipping refractometer (Zeiss) fitted with nn auxiliary 
prism to enable it to deal with one drop of fluid the instrument rends 
to an accuracy corresponding to ± 3 7 units of the fifth decimal place 
of n D The difference— if any— in the refrnctn c index before and after 
the experiment demonstrated the efficiency of the membrane in keeping 
back colloid material The refractometric method seemed peculiarly 
appropriate for the purpose, since the power to refract light is a function 
of the size of the molecules— the property with which wc are largely 
concerned — and is additive, being independent of their chemical nature 
Both artenal and venous blood were used, as also was the normal 
aqueous humour obtained on first performing a paracentesis upon the 
eye, and the reconstituted aqueous formed secondarily under the ab- 
normal pressure conditions brought about by the evacuation of the 
anterior chamber 

The results obtained are tabulated below 


L Experiments on rabbits using normal aqueous humour 

[a] Colloid osmotic pressure 


With artenal blood 


With venous blood 


No of 
rabbit 
1 
2 

3 

4 

5 
8 




Capil 

Cor 


Mano 

Diff in 

lanty 

reeled 


meter 

levels 

of tube 

colloid Mean 

Vans 

reading 

mm 

m 

os pres pres 

turn 

mm. fig 

plasma 

plasma 

mm Hg mm Hg 

mm Hg 

20 8 

+ 32 

-12 

22 31 


19 2 

+ 30 


20 5 V 21 00 

+0 04 

20 5 

+ 35 


22 2 J 

- 1 10 

215 

+ 38 

- 12 

23 51 


18 8 

+ 30 


20 1 y 22 1 

+ 1 4 

210 

+ 35 


22 7 J 

-10 


(6) Electncal conductivity of aqueous humour — Xj g 

No of Conductivity Conductivity 
rabbit before exp after exp 
With artenal blood 1 1203 1293 

2 1313 1300 

3 1342 1339 


x 10 s 


With venous blood 


Difference 
-3) 


1363 

1300 

1353 


1385 

1328 

1355 


+ 221 

+28 y 

+ 2j 


Alcan 

difference 

- 33 


+37 4 


(c) Sugar ’ content of aqueous humour gnu pc (d) Refractive index 


With artenal blood 


With venous blood 


No of 
rabbit 
1 
2 

3 

4 

5 
G 


Before 
exp 
0 141 
0 138 
0 154 

0170 
0 155 
0 104 


After 
exp 
0141 
0 168 
0169 

0 102 
0 104 
0 122 


Differ 
ence 

0 

+ 0 030 
+ 0 005 

-0 0681 
-0 051 L 
-0 042 J 


Mean 

difference 

+ 0 012 


-0 053 


Before 

exp 

1 335168 
1 335244 
1 335206 

1 335130 
1 335206 
1335168 


After 

exp 

1 335108 
1 335244 
1 335206 

1 335130 
1 335206 
1 335168 
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content and its refractometnc value, a sterile vulcanite plug (s) was 
inserted into the open side of the aqueous cell, clamped into place and 
sealed with paraffin was The cell was then filled with aqueous from 
the syringe, and the tube (j), after its lower end had been dipped into 
sterile liquid paraffin, was pushed home into position so that the aqueous 
rose a httle way up its lumen, its exposed surface being protected from 
the air by a layer of liquid paraffin , the tube was then sealed into position 
with paraffin wax The half-cell was then immersed m the thermostat, 
and allowed to remain for half an hour until temperature equilibrium 
had been reached, when the conductivity was measured Thereafter it 
was taken out of the thermostat, the clamp (k) shutting the outlet ot 
the tube was closed, and, the cell being turned with its inner side upper- 
most, the plug (s) was taken off, the cellophane membrane and its sup- 
porting gauze were put into place, the washer bemg sealed with paraffin 
wax, and the blood cell (A), also paraffin-coated, was clamped into 
position Into this the plasma was deposited directly from the centrifuge 
tube, and a small quantity of heparrn added as a precaution, in addition 
to the paraffin, against subsequent clotting With the stop-cock open, 
the tube (l) was then pushed home until the plasma surface rose to 
the mark ( t ), when it was sealed into place with paraffin wax, and the 
osmometer immersed again in the thermostat The clamp (L) was then 
opened, and the top of the tube (1) was connected with the manometer, 
whose level was adjusted by the leveling bulb so as to exert a pressure 
upon the meniscus of plasma approximating that which experience had 
shown to be the final pressure reading the stop-cock was then closed 
At the end of twenty-four hours the pressure in the air confined between 
the meniscus and the stop-cock was measured by manipulating the 
leve llin g bulb of the manometer until the level of the plasma had reached 
its original mark as determined by observation through a horizontal 
microscope The apparatus was then allowed to stand for two hours to 
verify the attainment of equilibrium it was always found that this had 
been reached within the first few hours Then, this bemg the case, the 
reading on the mercury manometer, corrected for the difference m level 
of a column of plasma between the meniscus and the cell and for the 
capillarity of the tube, gave the osmotic pressure of the non-diffusible 
constituents The conductivity was then again measured, the osmometer 
dismantled, and the aqueous was withdrawn for the estimation of its 
refractive index and its sugar content 

The “sugar” was estimated by the Hagedorn -Jensen method The 
refractive index was taken in the thermostat under constant temperature 
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conditions with a Dipping refractometer (Zeiss) fitted with an auxiliary 
pnsm to enable it to deal with one drop of fimd the instrument read' 
to an accuracy corresponding to — 3 7 units of the fifth decimal place 
of Djj. The difference — if any— -m the refraetiye index before and after 
the experiment demonstrated the efficiency of the membrane m keeping 
back colloid material The refractometnc method seemed peculiarly 
appropriate for the purpose, since the power to refract light is a function 
of the size of the molecules — the property with which we are largely 
concerned — and is additive, being independent of their chemical nature 
Both arterial and venous blood were used, as also was the normal 
aqueous humour obtained on first performing a paracentesis upon the 
eye, and the reconstituted aqueous formed seeondanlv under the ab- 
normal pressure conditions brought about by the evacuation of the 
anterior chamber 

The results obtained are tabulated below 


L Experiments on rabbits using normal aqueous humour 

(a) Colloid osmotic pressure 


With arterial blood 


Xo o£ 
rabbit 
1 


With xenons blood 


(«-) 


With arterial blood 


With Tenons blood 


Mano- 
meter 
reading 
mm. He 
20-S 
19 2 
20-5 

215 

1SS 

210 



Cupil 

Cor- 

Difi. in 

lantv 

rected 

levels 

of tube 

colloid Mean 

m 

mm. 

os. pres pres 

plasma 

plasma 

mm. Hg mm. Hg 

->-32 

-12 

22 3-1 

->-30 


205 V 21 66 

-35 


22 2j 

— 3S 

-12 

23 51 

-“-30 


20-1 k 22 1 

-35 


22 7 j 

tr of aqueous humour — Aj s= c x 10 s 


Tana 

tion 

mm. He 

-0-64 
-1 16 

-1 4 
-10 


Xo o£ 
rabbit 
1 
2 

3 

4 

5 

6 


Conductmtr 

Condnctmty 


Mean 

before exp. 

after exp 

Difference 

difference 

1293 

1293 



1313 

1306 

-4 

- 33 

1342 

1339 

-3j 


1363 

13S5 



1300 

132S 

+ 2S t 

-17 4 

1353 

1355 

- 4 



(c) Sugar content o£ aqueous humour grm. p.c. 

Xo o£ Before After 
rabbit exp ex p. 

With arterial blood 1 0141 0141 

2 0 13S 016S 

3 0154 0 159 


With venous blood 


4 

5 

6 


0 170 
0155 
0164 


0102 

0-104 

0122 


Differ 

Mean 

Before 

ence 

difference 

exp 

01 


1 33516S 

-0030 y 

-04)12 

1335244 

-0-005,, 


1335206 

-O06S2 


1 335130 

-0051 J. 

-04)53 

1 335206 

-04)42 j 


1335I6S 


(d) RefractiTe index 

After 
exp 

1 33516S 
1 335244 
1 335206 

1 335130 
1 335206 
1 33516S 
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As supplementing these figures, a typical estimation of the chlonde 
content of blood and aqueous humour in the normal rabbit is of interest 
The estimations were done by Rus^yndk’s modification of Koranyi’s 
method (16), and the results are expressed as NaCl This method gives 
values expressed volumetncally as grm per 100 c c plasma or aqueous, 
but for the purpose of the present enquiry, m comparing two solutions 
of so dissimilar molecular aggregation, these results should be corrected 
to allow for the mass occupied by the molecules of solute, which, owing 
largely to the presence of Iarge-moleculed proteins m the blood, is very 
different in the two cases Thus 100 o o of rabbit’s plasma was found 
to contain 8 6832 grm of solids at 100° C , and the density of the plasma 
was found to be 1 020 100 c c of the plasma therefore contains 93 6168 
grm water, and since this represents the available solvent, a correction 
factor of 100/93 6168, or 1 075, gives the true concentration m watery 
solution The aqueous on the other hand is practically protem-free it 
contains 1 0899 grm solids per 100 c c at 100° C , and its density is 
1 007 The corresponding correction factor to be applied is therefore 1 01 

NaCl 

Artena! plasma 0 603 grm por 100 o o plasma x 1 076 = 0 6482 grm. per 100 grm water 
Venous plasma 0 678 grm per 100 oo plasma x 1 076 = 0 6213 grm per 100 grm water 
Aqueous 0 608 grm. per 100 o c aqueous x 1 01 =0 6763 grm per 100 grm water 

Further the “sugar” content of the plasma of rabbit No 1 was found 
to be 

“Sugar” 

Arterial plasma 0 136 grm per 100 o.c plasma x 1 076 = 0 1461 grm. per 100 gnu. water 
Venous plasma 0 120 grm per 100 o c plasma x 1 076 = 0 1200 grm per 10 0 gnu water 
Aqueous 0 141 grm per 100 o o aqueous x 1 01 =0 1426 grm per 100 gnu water 

From these results it is seen that, owing to the excess of non- diffusible 
substances m it, the plasma exerts an osmotic pressure of about 20 mm. 
of mercury greater than the aqueous m the rabbit The measurements 
of the conductivity show that when arterial blood was being used there 
was little or no diff usion of the dissociated ions The small differences 
found were almost within the experimental error, but the fact that they 
all occurred m the same sense seems to indicate that there was a ten- 
dency to migration from the aqueous to the plasma When venous 
plasma was used, however, there was a definite shift of ions from the 
plasma into the intra-ocular fluid It is therefore to be concluded that 
the total concentration of dissociated salts in the aqueous is practically 
the same as, but probably a little more than, that required to maintain 
osmotic equilibrium with the arterial blood, and considerably less than 
that required m the case of venous blood These findmgs confirm, m 
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the mam, those obtained by van der Hoeve(T), mho, dialysing aqueous 
against serum found its conductivity to be the mean between a dialysate 
of arterial and venous serum Similarly with the undissociated con- 
stituents as represented by the sugar this is present in the aqueous in 
such a proportion as to be practically in osmotic equilibrium with the 
arterial plasma When venous blood was used, the diminished concen- 
tration of sugar in the aqueous cell indicated a diffusion into the blood, 
that is, the initial osmotic concentration of this substance m the aqueous 
was greater than that in the venous plasma The refractive index 
throughout showed no detectable change Concurrent estimations of 
the chloride (as the preponderating dissociated constituent) and of the 
glncose showed that there was more chloride m the arterial than m the 
venous plasma, and more m the aqueous than either, and that there 
was more sugar in the arterial than m the venous plasma, while the 
quantity in the aqueous, when expressed in terms of concentration in 
watery solution, lay between the two, although nearer that in the 
arterial plasma than the venous 


IL Experiments on rabbits using the aqueous humour formed secondarily after paracentesis 
of the anterior chamber 

This re formed aqueous humour has usually been regarded as having a completely 
different origin from the normal aqueous It has long been known to contain more protein 
than the normal fluid, and has been variously called “albuminous” aqueous, “secondary” 
aqueous, or “reconstituted” aqueous The normal aqueous contains all the colloidal 
constituents of plasma m minute amount (protein, fats immune bodies, etc ), and the 
re formed fluid differs from the normal in its constitution only quantitatively by con 
taming relatively more of these difficultly diffusible substances Further, a fluid of 
the same chemical composition is formed not onlv after paracentesis, but under all 
conditions wherein capillary dilatation occurs, as on radiation o! the eye or the apph 
cation of heat, irritant sub-conjunctival injections mechanical and chemical irritation of 
the cornea, the production of venous congestion by sublmabon of the eyeball or con- 
striction of the neck, or on the lowering of ultra ocular pressure brought about by applying 
pressure to the eye and suddenly releasing it Moreover, its formation is prevented under 
these circumstances by any agency which prevents the capillaries dilating as stimulation 
of the sympathetic, the retro-ocular injection of adrenaline, or ligature of the carotid. It 
would seem therefore that none of these names meets the requirements of the case In 
as much as it appears to differ from the normal aqueous onlv m resembling the plasma 
more closely I propose to call it the “plasmoid” aqueous 


Arterial blood 


Xo of 
rabbit 
7 
S 
9 
10 


(a) Colloid osmotic pressure 


Quantity of 
aqueous 
removed 

Manometer 

Difference 

Capillarity 
of tube 

Corrected 

ou 1st 

m levels 

os* pres 
difference 

paracentesis 

reading 

mm. 

mm. 

c c 

mm. Hg 

plasma 

plasma 

mm* B> 

0 l 

17 5 

-32 

-12 

19 0 

0-25 

145 

^-35 


16 2 

0 32 

13 2 

-‘-35 


14 9 

0 20 

15 5 

-30 

-12 

16-8 


Venous blood 
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(i) Electrical conductivity of aqueous humour A ro „„ xlO 5 

lo O 

Conductivity plasmoid Difference in 
Conduotivity aqueous eond, normal 


Artenal blood 

jNo of 
rabbit 
7 

normal r 

aqueous Before exp After exp 

1336 1281 1278 

- plasmoid 
aqueous 

54 


8 

1272 

1174 

1170 

98 


9 

1365 

1217 

1217 

148 

Venous blood 

10 

1313 

1230 

1262 

77 



(c> 

Refractive Index 

Difference 

Approx. 

protom 


No of 

Normal 

Plasmoid aqueous 
( * — ^ 

plasmoid 

-normal 

p c in 
plasmoid 

Artenal blood 

rabbit 

aqueous 

Before exp After exp 

aqueous 

aqueous 

7 

1336244 

1 337088 1 337088 

0 001844 

10 


8 

1 335168 

1 339036 1 339036 

0 003868 

20 


9 

1 335244 

1 339834 1 339834 

0 004590 

25 

Venous blood 

10 

1 335130 

1 338428 1 338428 

0 003298 

1 8 


Protein oontent of normal aqueous of rabbit — 0 04 p c 


(d) “Sugar” oontent of aqueous humour 





Plasmoid aqueous 


No of 

Normal 

f 

1 


rabbit 

aqueous 

Before 

After 

Artenal blood 

7 

0143 

0 148 

0 148 


8 

0175 

0 176 

0 179 


9 

0 166 

0 172 

0 177 

Venous blood 

10 

0 160 

0 165 

0 111 


(e) Chloride (as NaCI) 

Normal aqueous 0 686 grm p o. 

Plasmoid aqueous 0 636 grm p c 


HI Experiments unth different species of animals, using normal aqueous humour and 


venous plasma 


Animal 

Rabbit 

Cat 

Dog 

(Han — Deitens), using Krogh’s modifi 
cation of Sorenaen’8 apparatus 


Corrected osmotio 


pressure 

Approximate protein 

mm. Hg 

pern blood 

20 27 

6-0 

31 33 

7-8 

29 80 

7-8 

31 7 

7-8) 


It is seen that on removing progressively larger quantities of the 
aqueous humour from the eye, the re-formed fluid, as judged from its 
refractive index, contains a progressively larger quantity of colloid 
material The approximate percentages of protein corresponding with 
the refractive indices found are given in the table these were calculated 
by utilising a comparatively large quantity of horse aqueous humour 
and subtracting the refractive index of a protein-free preparation of this 
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flmd as obtained by the technique elaborated by Brailsford Robert- 
s oiKlT) from its normal refractive index and correlating this \ slue n ith 
gravimetric protem estimations earned out on the same flmd From 
the results obtained it is seen that the difference in osmotic pressure 
between the plasmoid aqueous and the plasma due to the non-diffusible 
constituents is progressively smaller in the same animal as the colloid 
content of the former increases Further, it is seen that in the normal 
aqueous of different species of animals this difference i anes with the 
protem content of the blood At the same time the measurements of 
the electrical conductivity and the estimations of the sugar suggest that, 
in the concentration of their diffusible substances, the plasmoid aqueous 
bears the same relation to the plasma as the normal aqueous does, that 
is, it is practically in osmotic equilibrium with the diffusible constituents 
of arterial blood, being — if anything — m slightly higher concentration 
than these, while the dissociated salts are m less concentration, and the 
glucose in greater concentration than that required to maintain equili- 
brium with venous blood 


Discussion 

The physiological interest in the comparison of the osmotic pressures 
of the intra-ocular fluids and the blood lies m the influence which the 
result must have on any theory of the origin of the aqueous humour 
If this latter is a secretion elaborated by an expenditure of energy by 
the cells of the ciliary epithelium, it remains open for it to have an 
osmotic pressure greater than, equal to, or less than the plasma If, 
however, it is a dialysate from the plasma, when it is equilibrated with 
the latter, its refraction and its conductivity should remain unchanged 
The earlier writers, who held that the aqueous was a transudate and 
who at the same time found that its osmotic pressure was higher than 
that of the serum, maintained an impossible position which they appa- 
rently faded to recognise And those who, advocating the same origin 
and looking upon the intra-ocular fluids as m rapid circulation through 
the eye, regarded the osmotic pressure of the two as being equal, over- 
looked the fact that the concentration of negative ions m the aqueous, 
as shown by the chloride content, is higher than that m the blood. 

It is hoped m a future publication to deal with the question of the 
circulation of the aqueous , hut as far as considerations of osmotic pressure 
go, at the end of each of the experiments detailed above the fluids on 
either side of the membrane (aqueous and plasma) were in Donnan s 
equilibrium During the course of the experiments, when arterial blood 
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was used, neither the undissociated constituents (as judged by the sugar 
estimations), nor the ionised constituents (as judged by the conductivity 
measurements) had altered appreciably m concentration — if anything, 
they had slightly decreased Before the experiments commenced, there- 
fore, that is, as these fluids occurred tn vivo, it follows that their molecular 
concentration bore the same relationship When venous blood was used, 
the smaller concentration of sugar in the aqueous cell at the end of the 
experiment betrayed a diffusion of this substance into the plasma The 
chemical analysis earned out concurrently showed that the sugar content 
of venous plasma is less than that of artenal plasma the sugar concen- 
tration in the aqueous is seen to be greater than that in the former, and 
slightly less than that m the latter At the same time the increased 
electrical conductivity of the aqueous indicated a diffusion of ionised 
salts in the opposite direction As a result of the ionic interchange de 
pendent on the addition of carbon dioxide to the plasma there is an 
increase of osmotic pressure m the change from the artenal to the venous 
condition, due to the increase of the bicarbonate content undergoing a 
greater change m molanty than the concomitant decrease of the chlonde 
content The concentration of the ionised constituents of the aqueous 
would therefore appear to be slightly greater than that in the artenal, 
and considerably less than that m the venous blood It seems to be the 
case that capillary blood is more nearly related to the artenal than to 
the venous blood, a relationship suggested by the findings of Verz&r 
and Keller(iS) on the oxygen saturation of “finger blood,” and of 
Foster(i9), who found that the sugar content of the latter was practi- 
cally identical with that of artenal and widely different from that of 
venous blood moreover, in the present case, any remissness m the some- 
what exacting technique of keeping the plasma absolutely excluded from 
the air throughout the complicated manipulations would tend to reduce 
the artenal plasma to some extent The deduction that appears to follow 
is that the molecular concentration of the aqueous is equal to that of a 
dialysate of capillary blood Such a suggestion would account, moreover, 
for the (practical) identity of the concentration of undissociated diffusible 
substances (sugar) m the two fluids, and the preponderance of cations 
(CT) in the aqueous The osmotic pressure of the aqueous is therefore 
less than that of the blood, the difference between them being determined 
m part by the difference m the distnbution of tlieir ions, and m part 
by the difference in the concentration of their colloid constituents 

When the eye is punctured and the normal aqueous is drawn off, the 
anterior chamber rapidly refills with a fluid containing more colloid 
than normally The experimental results detailed nbo\e show that 
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the excess of colloid vanes with the amount of fluid originally vnth- 
diawn, until on complete evacuation the re-formed fluid closelv resembles 
the plasma It is said that this plasmoid aqueous is of completely 
different origin from the normal aqueous, that the latter is a secretion, 
and that the former is a transudate determined by the altered pressure 
conditions following the removal of the supporting pressure of the intra- 
ocular fluids We find, however, that in all stages of withdrawal, the 
fluid retains the same molecular concentration relative to the blood as 
the normal aqueous, that is, osmotically, the two always remain in 
D onnan’ s equihbnum Further, the undissociated diffusible substances 
(sugar) retain practically the same concentration, the slight tendency to 
increase of sugar in the plasmoid aqueous is probably within the error 
introduced by an increase in plasma sugar accompanying the excite- 
ment of the experimental manipulation, although, alternatively it might 
be interpreted as indicating the introduction into the aqueous of “ bound ” 
sugar along with the increase of plasma proteins But the conductivity 
was found to decrease with the addition of protein to an extent greater 
than the mere addition of colloid molecules warranted The correction 
formula to allow for this inverse relation is (Bngarzky and TanglflO)) 

i-i 1<w 

'h~ /V 100 - 2 5 p’ 


where \ and A are the corrected and determined conductivities, and p 
the protein p c Thus m rabbit Ft o 7, where the measured conductivity 
of the plasmoid aqueous was found to be 1281 \ 10 -5 and the protein 
content 1 0 p c , the normal aqueous should have had a conductivity of 
1307 , whereas it was 1335 Corresponding with this, chemical estimation 
showed a decrease in the concentration of anions (Cl') — a relationship 
explicable m terms of a system in D onnan’ s equilibrium It seems 
reasonable, therefore, to suggest that the two — the normal and the 
plasmoid aqueous — may be formed by one and the same process, that 
on the withdrawal of the supporting pressure of the intra-ocular fluids 
the capillaries dilate, the amount of dilatation depending on the extent 
to which the eye was evacuated, the permeability of their walls becomes 
increased, and the dialysate then formed becomes progressively richer 
m colloids, while, at the same time, the ionised constituents redistribute 
themselves to conform with the altered conditions 

If the aqueous and the plasma are m Donnan’s equilibrium, not 
only must their osmotic pressures bear a definite relationship, but a 
difference in electrical potential must exist between them whose value 
is given by the formula of hi ernst 


V _ ?? 7 x 
h ~ F " j’ 
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where x and y represent the concentration of cations on the two sides 
of the membrane Recently, Lehmann and Meesmann( 2 i), usin g a 
capillary electrometer and 1/10 n KC1 electrodes, one of which was 
introduced through a cannula into the jugular and the other through a 
needle into the aqueous, found m cats and dogs that a difference of 
from 6 to 10 millivolts existed between the two, the aqueous being 
positive and the blood negative Moreover, the potential difference be- 
tween them decreased on equalising their protein contents, either by 
increasing the protein in the aqueous by performing a paracentesis or 
by injecting plasma into the eye, or after dilution of the blood proteins 
(in frogs) by intravenous perfusion with Ringer’s solution 

Considering these results m conjunction with those obtamed as the 
values of the vascular pressures m the eye(i), it would appear that the 
physical forces involved — the difference in the hydrostatic pressure of 
the aqueous (the intra-ocular pressure) and that m the blood vessels, 
the difference in the osmotic pressure and in the electrical potential of 
the two fluids — show nothing inco nsis tent with the hypothesis that the 
intra-ocular fluids are formed by dialysation from the capillary plasma, 
and are in equilibrium with it 

Conclusions 

(1) Evidence is brought forward which suggests that the aqueous 
humour is a dialysate of capillary blood, in that, when this fluid is 
equilibrated with arterial blood, its refraction, conductivity and sugar 
content remain practically unaltered, any change which does occur 
being in the direction of equilibrium with venous blood 

(2) The osmotic pressure of the aqueous is the same as that of a 
dialysate It is therefore less than that of the blood, the amount de- 
pending on the difference in the colloid content of the two fluids This 
difference is only a small percentage (about 0 3 p c m the rabbit) of 
the total osmotic pressure (about 6000 mm Hg) 

(3) The osmotic pressure of the plasmoid aqueous bears the same 
relation to the osmotic pressure of the blood as does the normal aqueous 
Its molecular concentration is also that of a dialysate, and, as far as 
the present investigation goes, there is no necessity to ascribe to it a 
mode of formation differing fundamentally from that of the normal 
aqueous 
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THE LOCALISATION OF RECEPTORS INVOLVED IN 
THE REFLEX REGULATION OF THE HEART RATE 

By I DE BURGH DALY 
and E B VERNE Y (Beit Memorial Research Fellow) 

(From the Institute of Physiology, Cardiff, and the Laboratories of the 

Medical Unit, University College Hospital Medical School, London ) 

In 1859 Marey(i) showed that a rise in the arterial blood-pressure was 
accompanied by a slowing of the heart rate, a fall by a quickening 
Since that time numerous investigators have attempted to explain the 
law of Marey by attributing the change in cardiac rate resultant to 
change m arterial blood-pressure, either to a central or to a reflex 
mechanism That reflex slowing of the heart is brought about by a nse 
of arterial blood-pressure irrespective of a concomitant change in the 
cerebral blood-pressure has been conclusively demonstrated by the 
experiments of Heymans and LadonfS), Anrep and Segall(3), and 
Daly and Verney(4) The experiments recorded in this paper were 
undertaken to localise more exactly the receptors engaged in reflex 
slowing of the heart 

It has been shown by Eyster and Hooker(6) that mechanical dis- 
tension of the aorta causes a slowing of the heart in the dog In their 
experiments the circulation was abnormal m that the superior and 
inferior venae cavte, the ascending and descending aortse, and the left 
subclavian artery were occluded A nse m venous pressure was shown 
by Bainbridge(6) to be accompanied by reflex acceleration of the 
heart, a result which was confirmed by Sassa and Miyasaki(7), who 
mechanically distended the auricles and large veins by rubber balloons 
As far as we have been able to determine, these experimental results of 
Eyster and Hooker, and Sassa and Miyasaki, are the only ones 
published which give direct experimental evidence on the localisation of 
the receptors engaged in reflex changes in cardiac rate 

A Experimental Results 

Dogs were used in all experiments Ansesthesia was induced with 
C and E and fully maintained by an intravenous injection of chloralose, 

0 1 grm per kilo body weight 
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I Diminished extra-cardiac pressure The a nimal s 'were artificially 
respired -with atmospheric an and the sternum split m order to explore 
the thoracic viscera The systemic blood-pressure mas taken m the left 
carotid artery The pericardium mas opened and a Henderson’s cardio- 
meter pushed over the ventricles and pressed tomards the base of the 
heart rnithm the pericardium After tying the free edge of the pericardium 
around the lip of the cardiometer, the cardiometer itself mas fixed rigidly 
in a clamp, and the outlet tube connected to a mercury or mater 1 mano- 
meter on the one hand and to a filter pump on the other, for the purpose 
of recor ding and of maintaining a negative pressure outside the mhole 
heart A T-piece fitted vnth a screm clip mas inserted into the tube lead- 
ing from the pump This arrangement enabled the negative pressure in 
the cardiometer to be altered at will. 

On lomenng the pressure within the cardiometer a slowing of the 
heart mas obtained repeatedly m two experiments This result mas inde- 
pendent of slight changes in blood-pressure m either direction (Table I) 


Table L Dog S 0 kilos. O-S grin, chloralose. Cardiometer over whole heart. 


a 


b 


Cardiometer 



pressure 

Heart rate 

3LB.P 

mm. Hg 

per mm. 

mm. Hg 

0 

156 

130 

-2-0 

140 

120 

-2-0 

140 

125 

0 

160 

120 

0 

145 

IIS-125 

-15 

126 

130 

-1 5 

132 

102 

-15 

123 

112 

0 

135 

114 


Alter 20 tecs. duration 

rt it 


After 5 Eecs. duration 
- 15 

» tO M 


In a second experiment the subjection of the heart to a negative 
external pressure of 2 mm. Hg caused immediate cardiac slowing from 
144 to 130 heats per minute This slowing persisted as long as the nega- 
tive pressure mas maintained, viz 32 seconds, and the release of the 
pressure was followed by an immediate quickening to 145 beats per 
minute The meau artenal blood-pressures in the periods immediately 
before, during, and immediately after the application of the negative 
pressure were 101, 99 and 102 mm. Hg respectively, and the right 

auncnlar pressures 8 0, 7 8 and 7 9 cm H,0 respectively 

In the majority of experiments the blowing of the heart was not 
immediate— there was generally a latent period of from 5 to 25 seconds 
The cardiac slowing associated with the negative pressure in the cardio- 

colfLT* 0 " 61 " ^ h”* COnTerted t0 “■ Hg for convene of 


m. T.TTt 


22 
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meter was dependent upon the integrity of the vagi and was found to 
be independent of the venous pressure taken in the right auricle 

II Diminished extra-ventricular pressure In t his senes of experi- 
ments the cardiometer, fitted with a rubber membrane and Bleeve, was 
placed over the ventricles only A reduction m the pressure surrounding 
the ventricles was followed by slowing of the heart, the slowing again 
being dependent on the integrity of the vagi This phenomenon occurred 
also in the eviscerated preparation The suprarenals were removed in 
addition to the stomach and gut, and the liver securely clamped as near 
the hepatic veins as was compatible with there being no hindrance to 
the flow of blood through the inferior vena cava Gross rises m arterial 
pressure were avoided by placing T cannulas in the descending thoracic 
aorta and the inferior vena cava near its entrance to the right aunole 
(after partially defibrmating the animal and injecting 0 1 grm hepann 
intravenously) and connecting the side limb of one T cannula to that of 
the other via a variable shunt resistance Fig 1 shows the effect of 
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Pig 1 A = arterial pressure. B = pressure within cardiometer, mm. Hg, the pressure being 
zero at beginning and end of tracing C =zero blood pressure. The heart rate is given 
immediately below the blood pressure trace Vagi intact Time =2 secs 

ttimimahing the extra- ventricular pressure m such a preparation The 
temperature m the inferior vena cava was constant at 35 5° throughout 
The slowing no longer occurs after cutting the vagi m the neck 
(Fig 2) 

It was conclusively shown that the presence of the lower portion 
of the animal was not essential to the manifestation of the reflex 
cardiac slowing on lowering the extra-ventricular pressure, by sectioning 
the animal at the level of the eighth thoracic vertebra and connecting 
the descending aorta via a variable pressure shunt with the inferior vena 
cava Fig 3 is taken from such an experiment after the vagi were cut 
the ventricles were again subjected to a negative pressure of 15 mm Hg 
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for 28 seconds, and the heart rates before, during and after this sub- 
jection were 126, 132 and 132 beats per minute respectnely 



Fig 2 The letters and figures hare the same meaning as in Fig 1 (? r ) Vagi cnt- 



—————— ——11— —MM— —I 


Tig. 3 The letters and figures have the same meaning as m Fig 1 (3 r ) V agi intact. 

Ill Raised inlra-ientncular ■pressure In order to produce a nse in 
left mtra-ventncular pressure independently of a concomitant rise m 
aortic pressure, the following technique was devised. After anaesthetising 
the animal with C and E and chloralose, artificial respiration was com- 
menced and the chest opened The subclavian arteries were exposed and 
two ligatures placed loosely around each The ongins of the aorta and 
brachiocephalic artery were similarly dealt with, and three further bga- 
tures placed looselv round the descending aorta immediately above the 
diaphragm A large T cannula ( E , Fig 4) was then inserted into the 

22—2 
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thoracic aorta and tied firmly in position This cannula communicated 
by means of a length of wide bore rubber tubing with a T-piece at E , 
the side limb of which passed to 
a second cannula D, which was 
inserted into the brachiocephalic 
artery, and directed towards the 
head During the actual insertion 
of this cannula the bram was 
being supplied with blood by the 
left vertebral artery only A third 
cannula was then tied into the 
nght subclavian artery, and a 
fourth into the left subclavian 
artery The wide tube from the 
aortic T cannula led to a large 
cannula which was inserted into 
the aorta in such a manner that 
the edge of the cannula just 
avoided occluding the origins of 
the coronary arteries, the aorta 
itself bemg ligatured immediately 
distal to the point of insertion of 
the cannula During this mani- 
pulation the superior and inferior 
venal cavffl were occluded, and 
released immediately the aortic 
cannula had been tied in position 
The final disposition of the can- 
nulse and their connections was as 
shown diagrammatically in Fig 4, 
the blood-pressure being recorded 
from the three sites indicated In 
such a preparation, therefore, we 
are able to record simultaneously 

the pressures at the aortic onfice Fig 4 Diagrammatic representation of the 
(A), the cerebral pressure (is), and experiments on the effect, on the heart rate, of 
tie pressure m the aortic arch (0) 25 “ 5 " 

Further, by impeding the blood 

flow by compression at the appropriate site, we can vary these pressures 
independently of each other 
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When the aorta was compressed at T a nse in all the three pressures 
was produced, and this nse was accompanied by cardiac slowing For 
example, a nse in pressure at the aortic onfice from 118 to 155 mm. Hg, 
the cerebral and aortic arch pressures undergoing a parallel change, was 
accompanied by slowing of the heart rate from 133 to 120 beats per 
minute On release of the aorta the rate gradually rose, to reach its 
original value of 133 after an interval of 30 seconds 

Compression at 0 (Fig 4) raised the pressure at the aortic onfice 
from 126 to 192 mm, Hg The cerebral pressure underwent a parallel 
change, whilst the aortic arch pressure fell from 100 to 14 mm Hg, the 
heart rate falling from 156 to 142 beats per minute Release of the 
compression at 0 was accompanied by the return of the three pressures 
to their onginal values and a gradual increase in the heart rate to 152 
beats per minute. This rate was attained 20 seconds after tbe release 
By compression at T accompanied by adjustment of tbe screw cbp H 
so that the cerebral pressure was maintained constant, a slowing was 
again encountered For example, the pressure at the aortic onfice rose 
in one experiment from 100 to 171 mm. Hg, the aortic arch pressure 
undergoing a parallel nse, the cerebral pressure, however, being mam- 
tamed at its onginal level. The heart rate fell from 150 to 145 imme- 
diately, to fall still further to 138 after the pressures A! and C' (Fig 4) 
had been maintained at the high level for 30 seconds 15 seconds after 
the compression at T was released the pressures had returned to their 
previous levels and the heart rate was then 160 per minute. 

Table EL shows the effect of compression at 0 accompanied by com- 
pensatory tightening of the screw dip so that the cerebral pressure 
re ma ined constant It will be seen that a nse in the pressure at the 
aortic onfice is accompanied by slowing of the heart in spite of the 
cerebral pressure remaining approximately constant and of the aortic 
arch pressure falling 


Pressure at 
aortic onfice 

mm. TTg 

Cerebral 

BJ> 

X-lBT.f. IL 

Pressure in 
aortic arch 

Heart rate 


122 

10S 

105 

210 


206 

102 

78 

205 

Compres3 O 
Compensate at B 

222 

96 

55 

190 


210 

104 

62 

195 


116 

105 

106 

210 

Release O-’-B 


Lastly, compression at if produced, as might be expected, a nse in 
the pressure at the aortic onfice accompanied by a fall m cerebral and 
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aortic arch pressures In spite of the fall in these pressures a slowing of 
the heart was produced An example of this result is shown m Fig 5 



Fig 6 A = blood pressure at aortic orifice B = cerebral blood pressure C = blood 
pressure m aortic arch The horizontal lines correspond respectively to the zero lovels 
of the three pressures The figures below A give the heart rate per minute 

In the experiments illustrated by Table II and Fig 5 a minimal cut 
only was made m the pericardium, the cut being just sufficient to allow 
the aortic ligatures to be placed m position In the other experiments of 
this senes the pencardium was freely opened 

The position of the aortic cannula was mvanably examined post- 
mortem and it was found that the edge of the cannula was never more 
than 3 mm away from the ongins of the coronary artenes Indeed, m 
some experiments the distance was 1 mm only (Bee Fig 6) The distance 
from the lip of the cannula to the ligature holding it m position (C, Fig 6) 
was 6 mm The part of the aortic wall central to this ligature, however, 
rather than that central only to the edge of the cannula, must be con- 
sidered as being exposed to the changes of pressure registered by the 
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manometer A! (Fig 4) In these experiments, therefore, we have not 
decisively excluded the potential participation of the most proximal part- 



Kg. 6. A =aortic orifice. jB=ongm of right coronary artery C= ligature which held 
aortic camtnla m posibon, showing throngh theintama. D= groove in in tun a marking 
the position of the edge of the cannula. 

of the aorta in the initiation of the caxdio-mhibitory reflex. It is clear, 
however, that the amount of aortic wall left between the cannula and the 
ventricle was small, and it seems reasonable to attribute the slowing in 
rate which accompanied a nse in pressure in the manometer A! with con- 
stant or lowered pressures in manometers B' and O' to a nse m the intra- 
ventricular pressure or coronary artenal pressure or both, rather than 
to the increased pressure exerted on the r emaining fragment of aortic 
walL 

We may conclude, therefore, from this senes of experiments tha t a 
nse in left intra-ventncular pressure with a concomitant nse or a fall in 
aortic pressure, the cerebral pressure remaining constant throughout, or 
falling, is accompanied by slowing of the heart The slowing was again 
found to he dependent on the integnty of the vagi. 

TV Raised aortic pressure After openmg the thorax by splitting the 
sternum 500-700 e c of the blood was replaced by defibnnated blood 
obtained from another dog, and 10 mgm. of hepann per kilo body weight 
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were then, injected intravenously The arterial blood-pressure was taken 
in the left carotid artery Two ligatures were placed round the thoracic 
aorta about one and a half inches apart, the mid-point between the 
ligatures being from three to four inohes below the origin of the left sub- 
clavian artery The aorta was then opened just below the lower kgature 
and a brass tube 3" in length pushed upwards and tied into the lumen 
of the aorta so that 2" of its length lay inside The intra-aortic portion 
of this brass tube was slightly curved to fit the descending aortic arch and 
was covered with a thin rubber sleeve tied round it at each end, the extra- 
aortic portion was connected to a length of rubber tubing fitted with 
a cannula which was inserted and tied into the distal end of the out 
aorta A fine bore metal tube, piercing the wall of the main brass tube in 
its extra-aortic course, passed upwards within its Jumen and opened on 
the outer surface in the middle of the intra-aortic portion By connecting 
the fine bore tube to a pressure apparatus, the rubber sleeve could be 
expanded and an internal pressure applied to the walls of the aorta 
without any alterations m the resistance to the blood flow taking place 
During the insertion of the brass tube, the blood supply to the heart was 
diminished by pulling on hgatures placed loosely round the superior and 
inferior vense cavm , on releasing the ligatures the blood from the de- 
scending portion of the aortic arch passed through the brass tube, then 
through the rubber tube connecting it to the distal part of the descending 
thoracic aorta A Cenco blower, with an adjustable pressure valve, supplied 
the power for the inflation of the rubber sleeve 

Distension of the walls of the aorta by this method was earned out 
in six experiments In one experiment the results were negative, m the 
remaining five slowing of the heart rate occurred without a rise in 
artenal blood-pressure (Fig 7) In two of these expenments the cardiac 
slowing was followed by ventricular fibrillation Garrey(8) found that 
vagal stimulation may stop ventncular fibrillation in the dog, an 
observation which, when taken m conjunction with our own, suggests 
that the result on the heart of electrical stimulation of the vagi and of 
vagal stimulation evoked by aortic distension may be entirely different 
In two of our expenments it was found that after vagal section aortic 
distension was without effect on the heart rate In the remainder vagal 
section was not resorted to 


B Discussion 

In this paper we bebeve we have produced experimental evidence to 
show that the receptors engaged in reflex cardiac slowing resultant to a 
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nse in aortic pressure in the dog, are distributed over a considerably wide, 
area The experiments described m section IV prove conclusively that 
some at any rate are situated m the upper portion of the descending 
thoracic aorta Others, the presence of which is shown by the experiments 
recorded in sections I to III, are more difficult to locate precisely, though 
the evidence points conclusively to their being placed in one or more of 



"Fig. 7 Between arrows at A rubber connection between brass tube and distal end of 
aorta compressed at B, aorta moderately distended at C 9 aorta heavily distended 
by inflection of rubber sleeve Heart rate per minute shown by figures below blood 
pressure tracing Time 5 secs Bottom signal, duration of aortic distension. 

three situations, viz ventricles, coronary arteries and lungs Further ex- 
periments will be required to differentiate satisfactorily between these 
various possibilities The point, however, which we wish to stress as the 
result of the present senes of experiments is that we have been able to 
demonstrate two separate sites m which the receptors are found, namely, 
the thoracic aorta on the one hand, and the heart or lungs or both, on the 
other 

C Suidiaby 

1 In the dog a negative pressure applied to the whole heart or only 
to the ventricles causes a reflex slowing of the heart 

2 A nse in lntra-ventncular pressure with the aortic pressure kept 
constant causes reflex slowing of the heart 
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3 Distension of the aorta without a nse m aortic arterial pressure 
causes reflex slowing of the heart 

4 The slowing of the heart (1, 2, 3, above) is dependent on the 
integrity of the vagi 

The expenses of this work were defrayed in part by a grant from the Government 
Grants Committee of the Royal Society 
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THE INFLUENCE OF INSULIN UPON THE 
MAMMALIAN HEART 

By MAURICE B VISSCHER 1 and ERICH A MttLLER 

{From the Deportment of Physiology and Biochemistry, Unncrsily 
College, London ) 

"We have investigated the effects of preparations of insulin upon (A) the 
mechanical condition of the mammalian heart, in the heart-lung pre- 
paration and in the whole animal, and (B) the oxygen consumption of 
the heart in the heart-lung preparation 

No previous study has been made of the effects of insulin prepara- 
tions upon the mechanical behaviour of the mammalian heart under such 
conditions as -would exclude effects upon the rest of the circulatory 
system as -well as upon other tissues of the body Our attention was 
drawn to the subject by entirely unexpected observations while injecting 
uiKTihn mto the heart-lung preparation with the sole aim in view of 
measuring its oxygen consumption 

The respiratory metabolism of the isolated heart under insulin has 
been studied by Burn and D ale(i), who found that there was sometimes 
an increase, and by Pesencop) who found a random variation m either 
direction The importance of the question of whether ox not insulin 
actually hastens metabolism m active tissues, normal or diabetic, led us 
to re-mvestigate the problem with a better control upon the normal 
rate of metabolism, which the demonstration of the relation between 
diastolic ventricular volume and oxygen consumption by Starling and 
ViB8cher(3) enabled us to maintain 

A. The influence of insulin preparations upon the mechanical 
condition of the heart 

In a senes of more than twenty experiments we find that adding 
any one of three commercial brands of insulin to the circulating blood 
of the “heart-lung preparation” results in a decrease in the volume of 
the ventndes of the heart No change was made in the inflow to the 
heart, in many cases the output was measured and was always found to 
1 National Research Council Fellow, USA. 
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be unchanged With two brands of insulin (BDH and Boots) there is 
no change in the heart rate, and in these cases one is forced to conclude 
that something in the insulin preparation enables the heart to do its 
work at shorter fibre lengths, and thus more efficiently With the other 
brand of insulin (Wellcome) the heart rate is increased, which would 
tend of itself to decrease the ventricular volume, so it is impossible to 
argue from experiments with it as to the reason for decreased ventricular 
volume 

The record of ventricular volume in a typical experiment is given in 
Fig 1 





B A ■*- 

Fig 1 Normal heart-lung showing changes m the diastolic ventnoular volume after 
insulin, 10 tj of BDH. insulin introduced at points I and II The second dose is 
seen to he ineffective 8 minute interval between A and B Tracing reads from right 
to left. (1) Time marks, 10 seconds (2) ventricular volume recorded with Palmer's 
large piston recorder, down Btroke decrease m volume, (3) blood pressure by mercurv 
manometer 100 mm Hg, (4) horizontal 


This effect is noted with hearts from normal as well as diabetic 
animals, the latter made so by pancreatectomy 1 three days previous to 
their use m the heart-lung The effect is neither more nor less pronounced 
m diabetic hearts than in normal An example is given in Fig 2 

It has never been possible to obtain any effect from a second addition 
of vnRjihn to the same heart at any interval after the first We are 
unable to suggest any adequate explanation of this peculiarity, but we 
believe that it indicates that the reaction has to do with the fundamental 
metabolism The fact that a second effect cannot be elicited appears 

1 The extirpation of the pancreas was performed by Prof Starling 
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to -as to prove without reasonable doubt that the action is not due to 
the addition of alkaline buffers, nor of salt water, nor of small amounts 
of adrenaline 
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Fig 2. Diabetic heart-lung showing effect of 10 v of B.D H insulin introduced at I 
and II. 15 minutes between A and B (1) Tune marts 10 seconds, (2) ventricular 
volume (3) blood pressure 100 mm. Hg, (4) honzontaL 

In the intact anaesthetised animal, administration of insulin results 
m a nse of arterial pressure of 12-20 mm. Hg, maintained for five or 
more minutes There is no change m ventricular volume, but m the 
intact animal the nervous regulation of the heart and the blood vessels 
presents a comphcated set of conditions which we have not attempted 
to unravel. For our purpose the important fact is that ins ulin prepara- 
tions do affect the intact heart It is of interest further that one never 
gets a response from a second injection within fifteen minu tes from the 
first (W e have not tried longer intervals m the intact animal ) Moreover, 
the response is exactly the same in normal and in diabetic a nim als 
Figs 3 and 4 present examples 

It is difficult to interpret these findings, but once the response is 
identical in normal and in diabetic animals one hesitates to ascribe the 
effect to the “insulin” hormone 

It may be that the heart m the heart-lung preparation — free from 
any action of the pancreas — is m the same condition as the heart in the 
diabetic animal On the other hand, the effect might possibly be due 
to some impurity present m every brand of insulin we happened to use 
TYe have attempted to decide whether the heart changes we have ob- 
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served are really due to insulin by inserting a pancreas m the heart-lung 
preparation, so that we had a heart-lung-pancreas preparation, as 
described by Babkin and Starhng( 4 ) 
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Fig 3 Blood pressure in normal dog showing effect of 10 n of B D H insulin injected 
m femoral vein at I and II, 20 minutes interval between A and B (1) Time marks 
10 seconds, (2) carotid blood pressure by meroury manometer, mean pressure at 
outset is 126 mm Hg, (3) horizontal 
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Fig 4. Blood pressure in diabetic dog showing effoot of 10 u of B D H insulin injected 
into femoral vein at I and II, 10 minutes between A and B (l)Tune marks lOreoonds, 
(2) carotid blood pressure, 96 mm Hg at outset. 

We did not succeed, however, m obtaining any diminution in heart 
volume on admitting blood from the pancreas to the heart-lung circula- 
tion The same negative result was obtained when the pancreatic venous 
outflow was allowed to collect m a Dewar flask, until the venous reservoir 
was nearly empty, and was then allowed to flow into the heart The 
only suggestion that the heart was being supplied with insulin from the 
pancreas came from the fact that, when insulin was afterwards added, 
the otherwise invariable eflect of a decrease in volume was not obtained , 
i e the heart behaved as if it had already received a dose of msulm 
It would seem that the blood from the pancreas contained enough 
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insulin, to prevent the effect of a second dose, but not enough, nor in 
sufficient concentration, to produce a visible change in volume In order 
to get a higher concentration in the pancreatic venous blood we perfused 
the pancreas three times with the same blood before adding it to the 
venous reservoir, but the blood became very venous and the accumulated 
CO, interfered vath any possible insulin effect The matter is -worthy 
of further investigation 


B The influence of insuhn preparations upon (he oxygen 
consumption of the isolated heart 

Using the method for oxygen consumption measurement described by 
Starling and Visscher(3) vre find that injection of preparations of in- 
sulin -which do not alter the heart rate never results in an increased 
oxygen consumption In fact, corresponding to the decreased volume 
of the ventricles there is an actual decrease in the rate of oxygen usage 
Table I presents the relevant data Insuhn preparations do not entirely 


Tabu: I. 

Table showing data for the oxygen consumption of the heart-lung preparation before 
and after the introduction of insulin. This table presents all of those cases m which the 
heart rate was unaltered and the decreased ventricular volume after insulin was main- 
tained for at least the length of the metabolism observation period. All experiments are 
with normal hearts except Exp 5, which employed a heart and blood from diabetic dogs 
It is to be noted that the oxygen usage always decreases after insulin, concomitant with, 
and, we believe, because of, the decrease m ventricular volume. 


Dose and brand 

Heart rate beats 
per mm. 

_ A 

Change in 
average 
diastolic 
voluJtie 

Oxygen consumption 
c c./hr 

of insulin 

Before 

After 

in c.c 

Before 

After 

15 d Boots 

110 

116 

-3 

888 

732 

10 v B.D EL 

160 

160 

— 7 

620 

486 

10 v BJD.H. 

112 

no 

-3 

255 

227 

Gu BDH. 

128 

128 

-3 

381 

354 

517 B.D.H. 

105 

100 

-15 

227 

204 


* Pancreatectomised animal. 


check the slow dilatation of the isolated heart, and occasionally the heart 
has dilated back to its pre-msulm size before a sufficient period for an 
accurate metabolism study has elapsed. In snch cases, as will be seen 
m Table II, the average oxygen consumption is practically unaltered 
On one occasion the heart dilated very rapidly and the average size 
for the post-insulin period was 4 c c larger than before insuhn. In that 
instance there was, as one would expect, a very large increase m oxy E en 
usage It becomes apparent that, in all of these experiments m wffich 
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Table IL 

Table showing data for the oxygen consumption of heart-long before and after insulin, 
in oases where there was either no significant change, or a rise in average diastolic volume 
for the period following insulin. It is noteworthy that when the diastoho ventricular 
volume did not alter appreciably the oxygen consumption remained nearly constant. 
It is likewise significant that in Exp 4, where the diastoho volume increased rapidly 
during the period in spite of the temporary lowering due to insulin, the oxygen consumption 
increased also 


Dose and brand 
of insulin 

Heart rate beats 
per mm 

- A 

Change m 
average 
diastoho 
volume 
moo 

Oxvgen consumption 
c c /hr 

Before 

After 

r 

Before 

After 

10 v BDH. 

160 

160 

+ 06 

630 

630 

5 v Boots 

146 

146 

-0 6 

472 

468 

5tr BDH 

90 

90 

-06 

398 

384 

10 v Boots 

138 

138 

+ 4 

624 

672 


the heart rate is constant, the oxygen usage is in direct proportion to 
the diastolic ventricular volume, just as Starling and VisscherO) 
found for the heart without insulin 

When, however, a preparation of insulin is used which contains an 
adrenaline-like impurity increasing the heart rate, there is an increase 
in oxygen consumption, amounting to as much as 60 p c in one instance 
This increase occurs in spite of the decreased ventricular volume, which, 
it should be said, is more transitory with the insulin preparation which 
shows heart rate effects than with the other preparations In two of the 
four experiments in this group, which are presented in Table III, there 


Table III 

Table nhomng oxygen consumption of the heart-lung following addition of a pre 
parataon of insulin causing armncrease in the heart rate. 

Change m 

Heart rate beats 


average 

diastoho 


Oxygen consumption 
o o / hr 


Exp 

1 

2 

3 

4 


Doso and brand 
of insulin 

Before 

— A ^ 

After 

volume 
in c.c 

Before 

10 v Wellcome 

120 

160 

±0 

396 

10 v Wellcome 

116 

176 

-3 

362 

10 v Wellcome 

160 

196 

+ 3 

486 

10 v Wellcome 

116 

160 

+ 4 

352 


After 
630 
46 2 
675 
555 


was a very rapid dilatation, so rapid that the average diastolic ventricular 
volume for the post-msulm period was 3 and 4 c c greater than in the 
previous period In these hearts the increased metabolism due to the 
increased diastolic fibre length is added to the increase due to the higher 
heart rate, and the total then represents the increase over the pre-insuhn 


rate 


We have, unfortunately, performed only one experiment on the 
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oxygen consumption after insulin until a diabetic heart In this expert 
ment, shown in Table I, Exp 5, the heart behaved exactly lihe a normal 
heart The experiment was entirely satisfactory, but we are ununlhng 
to use it as the basis for an unqualified statement that insulin affects 
diabetic hearts exactly as it does normal ones, although ure belieue it 
to be true 

Our results appear to indicate that insulin does not bring about an 
increase in the rate of oxidation of food-stufis m the normal heart 
One preparation ure used does indirectly bring about an increase in 
metabolism by ra ising the heart rate, but that action cannot he ascribed 
to insulin, because not all active insulin preparations shour it Moreover, 
the increase in oxygen consumption resulting from its administration 
is easily accounted for by the heart rate and ventricular volume changes 
so ure feel justified in stating as a conclusion from our experiments that 
added irisolm does not increase the amount of oxidation going on in 
the isolated mammalian heart. It appears justifiable to say further, 
that our experiments lend no ureight to the idea that insulin is a regulator 
of oxidative metabolism in muscular tissue 1 


SuiDIABY 

1 In the heart-lung preparation commercial insulin causes a more 
or less transitory increase of the power of the cardiac fibres, which appears 
as a decrease m the ventncnlar volume necessary to do a given amount 
of work. 

2 The effect is identical in normal and diabetic hearts 

3 In the intact animal, normal or diabetic, a nse m arterial blood 
pressure follows mtra venous insulin injections 

4 There is no direct stimulation by insulin of oxidative metabolism 
in the isolated heart 

5 The oxygen usage following insulin is determined by the diastolic 
ventricular volume of the heart, and the heart rate, exactly as in the 
heart without vnsrdvn 

6 After adding blood perfused through the pancreas to the heart- 
lung preparation, insulin has no further effect on the heart. 


The authors wish to record their gratitude to Prof Starling for the 
great amount of help he has given them both in the experimental work 

1 The=e results are m conformance with tW of Plattner (5) who fotrnd that msulm 
had no inflnenc* on the rate of disappearance of sngar from the blood of a heart Inner 
preparation, unless the heart rate was accelerated by the mmlm * 

PH LXH. 
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and m the evaluation of the results obtained, and likewise for hi3 kindness 
in providing every facility for conducting this work 
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THE TWO PHASES OF HEAT PRODUCTION 
OF NERVE By B "W GERABD 1 

(From the Department of Physiology and Biochemistry, 

University College, London ) 

Iy a previous paper a) it was shown that meduUated ner\e (sciatic of 
Rana esculenta) produces more heat during activity than rest, the excess 
amount ing to 6 9 x 10-* cal per gram per sec of stimulation An ap- 
proximate analysis was presented which suggested that there exist two 
phases — a relatively short and intense one lasting during stimulation, 
and a less intense one prolonged for nine or more minutes This analysis, 
however, was not exact enough to make us certain of the interpretation, 
and the present study was undertaken to secure more decisive evidence 

Method 

The sharpness and accuracy of an analysis increase i ery rapidly with 
the quickness of the recording system, so the mam objective m the 
experimental arrangement was speed of response, even when obtained 
at some sacrifice of stability The general procedure described previously 
(preparation of nerve, thermopiles, heat equilibration, shielding of re- 
cording system, temperature, etc ) was followed unchanged, but a new 
galvanometer -relay system was erected 

Primary galvanometer This is of the moving coil type described by 
ZermcketC) with very light suspension and manufactured by Messrs 
Kipp en Zonen of Delft The particular instrument used, the Zd, has 
the following characteristics full period 3 secs , internal resistance 40 w, 
and an adjustable magnetic shunt with which the galvanometer can be 
adjusted to apenodicity with any external resistance between 60 and 
900 at As actually employed, with a thermopile of resistance 250 co, its 
sensitivity was about 1 mm = 1 3 x 10 -9 amp at a distance of 1 metre 
This galvanometer, with the same sensitivity as the Ayrton and 
Mather instrument previously employed, has a period less than hah as 
long, and was adjusted for critical damping, whereas the A and M 
instrument was much overdamped with the thermopiles used, and 
though, due to its light suspension, it is somewhat less stable, it proved 
1 National Research Fellow, XSS.A, 


23—2 
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quite good enough to stand thermal amplification It was floated on 
a bath of mercury, as described m the earlier paper 

Thermal amplification A Moll linear thermopile, as previously 
described, was used, at a distance of about 15 cm it floated on the same 
platform on the mercury bath The beam of light was supphed by a 
Pointofite lamp running on a set of accumulators and was therefore 
very constant, so that it was unnecessary to use the surface thermopile 
to balance the kmf of the linear thermopile m its zero position The 
balancing was done by a constant current supphed by a potential 
divider The linear thermopile is considerably quicker than the thermal 
relay, givmg practically its full e m f , when a beam of light is suddenly 
turned on to it, within one second instead of three 

Secondary galvanometer Two galvanometers were used at different 
times in these experiments, an astatic Thompson galvanometer as de 
scribed by Downing(3) and the Zb by Kipp The Zb is similar to the 
Zd used as primary, but has an even fighter suspension The character- 
istics of this particular one are full period 2 8 secs , internal resistance 
14co, sensitivity when adjusted for critical damping at 25 a> external 
resistance (the resistance of the linear thermopile) 3 1 x 10~ 9 amp per 
mm at 1 metre 

With the two Kipp galvanometers and linear thermopile the sensi- 
tivity of the entire system (scale at 3 5 metres distance from the secondary 
galvanometer) was 1 mm = 3 X 10 -13 amp , and the fight showed irre- 
gular impulsive movements as great as 30 mm to both sides of the zero 
position, so that the effective sensitivity for a current of short duration 
was only about 10 -u These perturbations were much greater than 
those due to Brownian movements (see below), and it was thought 
possible that the heatmg of the mirror and an m the suspension tube 
of the primary galvanometer by the strong fight beam might, by pro- 
ducing air currents, be an important cause of them. For this reason, 
the sensitivity, which was mconvemently great, was reduced by blocking 
out about rune-tenths of the beam from the Pointofite lamp, so that as 
actually used the sensitivity was approximately 1 mm = 2 x 10- 12 amp 
Tins gave deflections of over 200 mm for a 10 secs stimulation of nerves, 
and the zero wanderings were much reduced 

With the Zb, or an ordinary slow-moving galvanometer, as secondary, 
the Zd and linear thermopile showed the usual random disturbances 
already noted, with a rapid moving-magnet secondary, however, a now 
type of movement appeared When the Downing galvanometer was 
used as secondary and adjusted at, for it, moderate sensitivity and 
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correspondingly short penod (0 8 sec), it showed astonishingly large 
and quite regular oscillations Its speed of response apparently enabled 
it to follow rapid perturbations of the primary, which were averaged 
ont by the slower instrument These vibrations, often as much as 
50 mm at 3 metres, were not due to Brownian movements (see, e g 
EmthovenW and Ismg(5)), which Prof. Hill has calculated for this 
system could have attained a m axim um root mean square value of only 
2 mm. at the sensitivity employed 1 

It was possible, however, largely, though never completely, to 
e limin ate these oscillations by a number of manmuvres Making the 
instrument more sensitive increased its penod to 2 5 secs and so cut out 
a good share of the disturbances The entire system was then extremely 
sensitive (about 5 x I0~ u amp per mm ) and a senes resistance of 
500 cu was placed in the secondary circuit to reduce this Advantage was 
also taken of the possibility of electro-magnetic damping of this instru- 
ment (a result of the high magnetic moment of its cobalt steel magnets) 
and it was shunted by a 3 to resistance across its terminals By these 
means the regular swinging of the spot of light was kept below 5 mm., 
and the irregular movements were seldom greater The sensitivity of 
the system was then 2 to 3 x lO - " 12 amp = 1 mm 

Even at this very high sensitivity, the secondary galvanometer 
reached a practically maximal deflection m less than 5 secs (6 secs for 
the Zb) after a constant current was thrown into the primary (Eig 1) 
This is about six times as rapid as the response of the system previously 
employed Careful records were made (and averaged to eliminate random 
errors) of deflection curves for the secondary galvanometer following 
(a) a constant current thrown into the secondary, (b) a constant light 
falling on the linear thermopile, and (c) a constant current thrown into 
the primary Analysis of (6) by (a) and of (c) by ( b ) shows just what 
lag is contributed by each element of the whole, and in t his case the 

1 Ising (5) has calculated lor a system similar to the one used here that Brownian 
movements of the primary galvanometer would limit the useful sensitivity to 5 x 10-u 
amp per mm. at 1 metre, if an experimental deflection is to be four times as great as 
those due to Brownian movement. As he realises, this limit holds only for impulsive or 
very short currents. Currents of longer duration as in these experiments, even if giving 
deflections less than the random oscillation, may be readily measured because tie 
Brownian movements, being random and rapid, cancel themselves out to a large extent 
with a moderately slow secondary galvanometer whereas the steady deflection due to 
an imposed current is recorded fully As a matter of fact the disturbances present in this 
svxtem have been considerably greater than those dne solelr on Brownian movement® 
but since they increase less than proportionately to the sensitivity it is practically advan- 
tageous to use sensitivities as great as those chosen. 
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Jag is proved to be mainly m the primary galvanometer (This analysis 
will be further described elsewhere by Hartree and Hill ) Since the 



Kg 1 Vertically, deflection of galvanometer m percentage of maximum horizontally, 
time m seconds. Deflection curves of secondary galvanometer for a constant current 
thrown into the primary at time zero (A) Downing’s galvanometer as secondary, 
(B) Kipp s Zb galvanometer as secondary 


primary must be a moving coil instrument, for the sake of stability, 
there seems no immediate prospect of further hastening a thermal 
amplification system 

Method of analysis A V Hill and Hartree(6) have developed a 
method of analysing an observed galvanometer deflection, due to ex- 
perimental heat production, in terms of a control deflection produced 
by an instantaneous liberation of heat, and so of finding the actual 
course of the experimental heat This method, though laborious, is 
quite exact and has been fully checked in myotkermic studies, at first, 
therefore, it was used boldly in the nerve-heat work The analyses, 
however, showed a regular error, so that careful controls were under- 
taken 

The nerves, lying on the thermopile exactly as during the study of 
their heat production, were asphyxiated in an atmosphere of nitrogen 
until no heat was produced on stimulation, and then a very weak 
current from the induction coil was passed through their length Id 
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this way a known and uniform liberation of beat was continued for 
2, 5, 10 and 15 seconds and deflection curves obtained If the method 
of analysis were adequate, these, upon analysis by the instantaneous 
heating curve, should show the regular heat liberation actually existing, 
and conversely the ten-second curve should be reconstructable by adding 
two five-second curves at time 0 and o secs , or five two-second curves 
each starting two seconds after the preceding, etc Finally, the curve 
obtained by halving all the ordinates of the ten-second warming curve 
should coincide with an observed deflection produced by the passage 
for ten seconds of a current weakened to give a m axim al deflection one- 
half the o riginal Actually, all these relations are followed with fair 
accuracy but never quite exactly Fig 2 shows the observed and built- 



Fig Verticallv deflection of galvanometer m percentage of maximum deflection - 
honzontallv, tune in seconds (A) Observed curve for 10 secs, wanning through length 
of nerve (B) Built-up curve for 10 secs, warming by addmg 5 observed curves for 
2 secs warming each beginning 2 secs after tbe preceding (C) Observed curve for 
10 secs warming with weaker current so that the actual maximum was half as great 
as for [A] (D) Observed curve for 15 secs wurmmg, (E) Built-up curve for 15 sec 
wannmg bv addmg 3 observed curves for 5 secs warming each beginning 5 *ecs after 
the preceding (F ) 15 secs warming curve built from 2 secs curves. ' 


up curves for a 10 secs warming, all reduced to a maximum deflection 
of 100 and it will be noted that the observed curve tends to descend 
more rapidly than it theoretically shonld Possibly as a corollary of 
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this, the absolute ma ximum deflection observed is less than the calcu- 
lated, sometimes by as much as 25 p c Similar relations hold for 5 and 
15 secs curves Fig 3 shows a typical analysis of a warming curve The 



Pig 3 Vertically, quantity of heat per second, m “O” units horizontally, time in seconds. 
The dotted line represents the block of heat actually liberated, the lull line represents 
the heat given by analysis of the observed galvanometer deflootaon. 


Feat was actually liberated m the block indicated by the dotted lme, 
but the analysis shows some lag at the start and a tailing off before the 
end of the heating, with a small prolongation after the heating is over 
It must be admitted, therefore, that under the conditions of these 
experiments the method of analysis is not rigorous Theoretically it is 
applicable to a system, changes in which are governed by linear differ- 
ential equations with constant coefficients, and that such equations do 
apply to the development of an e m f m a muscle thermopile, to the 
deflection of the galvanometers, etc , has been previously demonstrated 
The only new factor introduced in the present experiments is the radia- 
tion thermopile acting as relay, and it is possible that m this the e m f 
development follows an equation of a different type This may explain 
the observed discrepancies 

The errors so introduced are small and do not conceal the wain result 
of these experiments, but would obscure the exact course of beat pro- 
duction if uncorrected Fortunately, they can be made negligible by 
analysing, instead of the whole curve resulting from, say, a 10 secs 
stimulus of the nerve, the comparatively small difference between this 
and the curve produced by warming with a uniform current for the 
same tune The current strength is adjusted so that the maximum 
deflection is the same as that produced by stimulation. Fig 4 shows 
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typical stimulus and -wanning curves for several durations, and it is 
obvious that tlie small differences between each, pair must give fat less 



number of observed galvanometer deflection curves, so that individual irregularities 
have been practically eliminated. (4) “Instantaneous’’ warming of the asphyxiated 
nerve by passage through its length of an alternating ourrent for about 0 4 sec. 
(£), (C), (D) Warming of the nerve in a similar manner but with an even weaker 
current for 6, 10 and 16 tecs respectively (E, (F), (G) Production of heat by live 
nerve as a result of stimulation at one end for 6, 10 and 16 secs respectively 

absolute error when analysed than would the entire curve The result 
of the analysis of this difference is added algebraically to the block of 
heat represented by the -warming curve, to give the true course of heat 
production by the living nerve It may be emphasised that all curves 
used for analysis are means of several observations made on tbe same 
nerves m one day In this way the random errors resulting from the 
extreme sensitivity of the system employed were largely eliminated 
The curves shown in Fig 4 pass through the actual average points with 
no smoothing 

Results 

Typical analyses, by instantaneous warming curves employing the 
method of difference described above, of the heat produced by a nerve 
as a result of 5, 10 and 15 seconds stimulation are given in Figs 6, 7 
and 8 The direct analysis of a 10 seconds stimulation curve without 
reference to the equivalent warming curve is given in Fig 5 for com- 
parison This shows a falling off of heat before the end of the stimulus 
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which was originally interpreted as a sign of fatigue A 5 secs analysis, 
however, showed the same effect, and if a nerve exhibited fatigue only 


Fig 5 



Jig 5 Vertically, quantity of heat per sec m unite horizontally time in seconda 
Analysts of 10 sees stimulation curve directly by ‘'instantaneous ’ warming curve, 
leading to an inoorrect result. 

Fig 6 Vertically, quantity of heat per sec. in ‘ 0” urnts horizontally time in seconds 
Analysis of 10 secs, stimulation curve indirectly, by subtracting the curve for 10 secs 
warming from the one for 10 secs, stimulation, analysing the negative and positive 
differences remaining by the ‘ instantaneous” warming curve and adding to this the 
known heat production corresponding to the 10 secs warming curvo The analysis 
shows clearly an initial blook of heat produced at a constant rate during stimulation, 
and a delayed heat production reaching a maximum rate by the end of stimulation 
and then remaining constant during the period represented Tho dotted lines indicate 
these two portions of heat. 

at the eighth second of a 10 secs stimulation, it obviously could not show 
it at the fourth second of a 5 secs stimulation This led to the further 
tests described above, and to the method of analysing the difference 
Consistent results were obtained in ten significant experiments 
These show clearly the liberation of a relatively large block of heat 
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during the toe of actual stimulation, .nth a fall at once on its cession 
Continuing from this point there remains in addition a small regular 


Fig 7 



Fig S 


Fig 7 As Fig 6 but lor a 5 secs stimulus 
Fig S As Fig 6 but for a 15 secs, stimulus. 


and very prolonged heat production. The dotted lines represent the 
two portions of heat production — an initial portion lasting at a constant 
rate during the stimulation, and a delayed portion starting at the be- 
ginning of stimulation, reaching a mam mum at the end, and then very 
slowly falling during several minutes to zero These findings co nfir m 
in a general way the interpretation placed upon the approximate analysis 
already published a), but in one point lead to another conclusion There 
the delayed heat was represented as a curve concave downwards rising 
to a maximum about 30 seconds after the end of stimulation. These 
more accurate analyses strongly indicate a break m the “curve” at the 
end of stimulation, before which time it nses steadily, probably as a 
straight lrne, and after which it remains essentially constant withm 
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the period studied 1 If this picture be correct, it follows that the heat 
liberation for one nerve impulse must be roughly as indicated m Fig 9 



Fig 9 Diagrammatio representation (not to soale) of the heat production due to eaoh 
nervous impulse, indicating how the observed heat resulting from a tetanio stunu 
lation is built up of these units The horizontal lines represent tho delayed heat, 
starting at a maximum rate of 0 05 “C” units and slowly falling to zero in about 
10 mins The vertical lines represent the initial heat which probably is largely produced 
during less than 4 ct at a rate 5000 times as intense as that at the start of tho dolayed 
phase The exaot form of the initial outburst and of the transition to the dolayed 
heat is unknown and this diagram does not protond to indicate the true relations 
of these No ordinary continuous curve, however representing a single phase, will 
account for the observations. 

The delayed beat, from its beginning, is of a maximum value and, so 
far as present evidence goes, is a direct contmuation of the initial out- 
burst 

Absolute values In the previous communication it was shown that 
the area, and therefore the total heat of a hve nerve curve, was 9 1 
tunes the area of an instantaneous warming curve of the same maximum 
deflection This relation may be assumed to hold in the present expen- 

1 It is, of oourse, possible that, just as the slow fall to zero is not apparent in thcso 
short time intervals, so also a slow rise might precede it This would not affect tho dis 
cnssion following 
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meats, so if the control curve with the same maximum represents C units 
of heat the heat liberated in any tune interval may be expressed in 
terms of C For the entire curve, the heat produced is equal to 9 1 C, 
and since the absolute value for this is knovm (6 9 x 10' 5 cal per gram 
of nerve per sec of stimulation (i)), C can be translated into absolute 

units 

With the previous galvanometer system, vnth which the maximum 
deflection was proportional to the time of stimulus up to 20 seconds, 
this factor (9 1) was independent of the tune of stimulus, since C by 
d efinit ion is proportional to the height of the experimental curve Using 
a more rapid system, the deflection is no longer quite proportional to 
the length of stimulation for the more prolonged stimulations, so that 
the area of these curves will be rather more (up to 10 p c more) than 
9 l C, and must he reduced The actual values of the initial and delayed 
portions of heat may be calculated m C units from such data as is given 
m Figs 6, 7 and 8 

The average for ten experiments, for 5, 10 and 15 seconds alike, gives 
10C unit for the total initial block (t e of the part between the parallel 
broken hues of Figs 6, 7 and 8) and 0 05 C unit per second as the rate 
during the early part of the delayed portion (at 15° C ) The variation 
between individual experiments is less than 20 p c The initial portion 
represents, therefore, 11 p c of the total heat and in absolute units is 
7 6 X lO -6 cal per gram of nerve per second of stimulation The delayed 
portion begins at a rate of 0 05 C per sec , absolute value 3 6 x 10~ 7 cal , 
and diminishes gradually to zero in a time of about 10 mms If the rate 
were constant throughout this 10 mins it would he 0 02 C per sec 

Disctjssiox 

The above results, and especially the numerical values for the two 
portions of heat, are of especial interest as applied to a single nerve 
impulse and in a single fibre It should be noted that during stimulation 
a nerve fibre is thrown into only intermittent activity so that the average 
initial heat for a second of activity does not give a fair representation 
of what is happening during the actual passage of an impulse Some 
picture of this may be obtained as follows 

(a) Heat of a single impulse In these experiments, as in the earlier 
ones, the nerve was stimulated 280 times a second, but it is not possible 
unconditionally to obtain the total heat per impulse by dividing by this 
number Studies on the effect of frequency of stimulation on heat pro- 
duction will be dealt with in a separate communication, and for our 
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present purpose the fact may be stated that the initial heat per impulse 
at 280 per second is only 0 26 as much as the heat produced by a single 
isolated impulse The assumption may probably be safely made that 
the delayed heat vanes as the initial The total heat for a single isolated 
impulse is, therefore, per gram of nerve, 9 5 x 10~ 7 cal , of which 
1 0 x 10 _7 cal is the initial portion and 8 5 x 10~ 7 the delayed portion, 
and the total heat for an isolated impulse traversing one centimetre 
length of a single fibre (see (D, p 248) is 9 5 x 10~ ia cal , of which the 
initial portion is 1 0 x 10 -13 cal and the delayed portion is 8 5 x 10 -13 cal 
The rate of heat production at the start of the delayed period is 
5 x 10 -0 cal per gram per sec Under the actual experimental conditions, 
with 280 shocks per sec , if the initial discharge occupied the full time 
between successive stimuli, the rate of heat production during this 
period would bo 2 5 x 10 -5 cal per gram per sec or 5000 times as 
intense as the delayed rate 1 

It is certainly interesting in this connection to note that a very 
similar ratio of initial rate to delayed rate obtains for muscle heat pro 
duction under certain conditions Hartree and Hill(6) have shown 
for a very short tetanus at 20° C that the maximal rate of heat pro 
duction during recovery is 0 003 times the total initial heat per second 
The initial heat is certainly all liberated within the time of the twitch, 
which at 20° C occupies about 0 1 sec , so that the rate of initial heat 
production is ten times the total initial heat, per sec , or 3300 times the 
maximum recovery rate Since the relative recovery rate in muscle 
1 Tho assumption of a duration of aboutio for the initial heat production is eertamlynot 
exact, but sovoral facts indicate that it is not many times out, Gassor and Erlangeroi 
hare shown that at 25° C tho great bulk of the notion current is passed within 2a, and 
this eamo inton al is a fair average for tho absolutely refractor} ponods of tho various 
fibres(O), bo it might ho assumed that tho heat ib liberated during this timo Afore diroot 
evidonco of the oonrse of tho initial heat is obtmnod from the influonco of stimulation 
frequonoy on heat production Theso experiments have led to tho conclusion that the 
immediate restorative processes in nerve following tho conduction of an impulse (as 
measured by heat) aro roughly exponential m charaotcr Tho numerical \ clues are such 
that 30 p a will bo completed in 4<r though heat production at a low and diminishing 
rate must continue beyond this tune If the heat produced during conduction by tho 
diaehargo of stored energy is only as much as the heat produced during restoration when 
tlio energy is being stored, this means that 05 p o of the heat will bo produced within 
4a and tho remaining one third in 00c or more It is probable that tho disohnrgo actually 
represents more than half of tho heat and a correspondingly largor fraction is produced 
mtlun 4 a 

It may bo ^reli to emphasise that tho muUaI heat production disoussed hero includes 
(1) tho heat due to actual conduction of an impulso and also (2) that duo to immediate 
rcstorativo (or ‘recovery”) processes Tho prolonged delayed heat appears to bo entirely 
distmot from the latter 
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increases with duration of tetanus, for a single twitch it should he lower, 
and the above ratio higher and so even closer to the value for nen e 
It is unwise to press these calculations further, for the exact form 
of the initial portion of heat liberation and its transition mto the delayed 
portion are not directlv measurable, the actual observations giving only 
the statistical sum of hundreds of impulses for several seconds A most 
probable alternate interpretation, however, that the heat is produced 
continuouslv and not in two separable phases, for example according 
to the equation 


where C, a and b are constants, a small and b very large, will not account 
for the very large amount of delayed heat 1 It is difficult to avoid the 
conclusion, therefore, that during and immediately after conducting an 
impulse the nerve produces heat at a relatively great rate and that 
following this, as a separable phase, is a very long and feeble heat 
production 

(b) Relation to chemical mechanism of nerie actmly The existence 
of a large delayed heat production, occurring as a separate phase, after 
the nerve has conducted an impulse and restored its machinery for 
conduction so that it is ready to act again, certainly suggests a “recovery ” 
process This must consist of the production, removal, transport or 
change of state of one or more substances By analogy with muscle, in 
which a verv similar delayed phase appears after the muscle has con- 


1 The argument is roughly as follows 

The total heat from time zero to infinity, by integration, is 


C C 

which becomes = - - - Similarly the heat produced from any given time t to mfinitv u 

a b 

When b is very large and ( not verv small this becomes H,=- < r* and E 0 =- Also for 

a a 




very large values of b the maximum rate of heat production is 


(dH\ 

\dt 


=C and 


(§),= 


Cer a 


If i be taken so that ^ ^ ^ dt (which is 10 times as high as the ratio ob 

tamed), then so that Since *=£, onlv 1/500 of the total heat 

COD ?^ '™? r ° < v QCed m tlle portion. As the experiment shows that 9/10 of the Lent 

isdelaved, the postulated continuous single phase is impossible, if an equation of the 
tvpe given m the text 13 obeyed. ^u^non ot the 
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tracted and relaxed again, it would appear likely that some substance 
produced during activity is slowly removed, probably by oxidation Some 
evidence for this was first adduced by Filhe(io) from his findings that 
(a) a nerve ceased to conduct much sooner m nitrogen than m oxygen 
free Ringer, and (b) a nerve entirely asphyxiated m nitrogen would regain 
conductivity for a time when bathed by oxygen free Ringer The Ringer 
solution he believed permitted deleterious metabohtes, which form only 
in the absence of oxygen, to diffuse away Also it appears now quite 
surely established that an increased oxygen consumption and C0 £ pro- 
duction accompany nerve activity (ii) The relation of oxygen lack to 
heat production m the two phases, however, does not appear to be the 
same as in muscle, the recovery heat fa ilin g m oxygen lack only as 
rapidly as the initial 1 This whole question, as well as the correlated 
one of nerve fatigue, will be left for treatment in a subsequent paper 
A guess as to the actual chemicals involved is also profitless pending 
further studies, though it is tempting to invoke lactic acid, especially 
as it is formed so readily in the central nervous system (IS) 

One clue to the chemical processes of recovery is worth noting The 
absolute rate of heat production at the start of the delayed phase is 
directly proportional to the initial heat, te for a 10 secs stimulus it is 
twice as great as for a 5 secs one This strongly suggests that following 
conduction some substance is present, m amount proportional to the 
initial activity, which then enters directly as a single component (mono 
molecular) into a heat-producing reaction This is not the case for 
muscle Here the maximum recovery rate is not reached for 20-60 secs , 
which points to a primary reaction of little heat, and also it vanes as 
the square of the initial heat, indicating a bunolecular reaction at the 
second stage 

Summary 

1 A thermal-amplification galvanometer system reaching almost 
full deflection in 5 secs at a sensitivity of 1 mm = 2 y 10- 12 amp is 
desenbed 

2 This system does not exactly obey the equations which make 

1 The persistence of delayed heat, in the absence of onteide oxygen does not finally 
prove that it is non-oxidative. Without invoking tho old intramolooular oxygcD ” it is 
worth noting that hydrogen acceptors, which might make possibto anaerobic oxidations, 
exist m nervous tissue To consider put one of theso, B E Holmos (Biochem Jovrn 
20 p 872, 1920) has found in the white portion of rabbit brain C2 mgm of glutathione 
per 100 grim of white matter If this were similarly present in peripheral nerve, were m 
the oxidised form, and could all bo reduced it would permit oxidatioDB equivalent lo file 
total heat produced by nerve in 30 mine telanteahon 
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possible the analysis of galvanometer records, to obtain the tune course 
of heat production. By a method of difierence involving a senes of 
control -warming curves, however, the error may be made negligible 

3 The heat produced by frog sciatic nerves on 5, 10 and 15 secs 
stimulation vras analysed in this manner The results show clearly an 
“initial” block of heat produced at a constant rate during stimulation but 
c easing at once with rt, and also a ‘ ' delayed ” heat, rising to a maximum 
rate during the penod of stimulation and then very slowly falling The 
heat production of a single impulse is deduced from this 

4 The initial heat constitutes 11 p c of the total heat and for one 
impulse through 1 gram of nerve amounts to 10 x 10 -7 cal The equi- 
valent delayed heat is 8 5 x 10~ 7 cal The rate of initial heat production 
is calculated to be about 5000 times the maximum rate of delayed heat 
production, about the same ratio as obtains in muscle 

5 The existence of the delayed heat indicates a “recovery” process 
separate from the restoration of conductivity during the refractory 
period. The time course of this heat production suggests that some 
substance formed during activity is slowly removed, entering as a single 
component into some reaction. 

Finally I take pleasure in recording my indebtedness and thanks to 
Prof A. V Hill for aid and advice throughout this research. I also 
wish to thank Hr J L Parkinson for willing assistance 
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THE STATIC EFFORT AND THE EXCRETION OF 
URIC ACID By ROBERT CAMPBELL GARRY 

{From the Institute of Physiology, University, Glasgow ) 

The relationship, if such there exist, between type and degree of muscle 
activity and the excretion of unc acid in the urine forms a very vexed 
question 

The problem, like so many others in metabohsm, resolves itself more 
or less into the general question as to what is to be regarded as a 
significant degree of deviation of the output of any substance from the 
mean output This m turn must of necessity depend on the rigidity of 
the conditions with which the metabohc experiment is conducted, on the 
attention paid to the technique of analysis and finally on the accuracy 
of the method employed 

In this particular problem there is the further complication as to 
the exact source of the uric acid excreted Does it arise only as a waste 
product of muscle metabolism or may it come from other sources such 
as, for example, synthesis 2 Further, the conditions governing the actual 
excretion of the substance may be of importance 

In the first place there seems to be no doubt but that the uric acid 
content of the blood rises as a result of muscular exercise Thus 
Rakestraw(i0) found that both a short and a long period of exeroise 
brought about an increase of unc acid m the circulating blood at the 
time of work La one experiment a further increase was observed after 
completion of the exercise Similarly Levine, Gordon and Derick(iS), 
examining the blood of athletes within 30 minutes of completion of a 
Marathon race, found a decided increase m uno acid The athlete who 
won the race showed a smaller mcrease than the others The authors 
conclude that the better the training of the athlete the smaller the 
mcrease of uric acid in the blood (cf Dunlop, NoelPaton, Stockman 
and Maccadam(8>) 

Bunan(2) found an mcrease in the purme and uric acid content of 
the fluid used to perfuse the artificially stimulated muscles of a dog, 
and Macleodpe) found that muscle lost “nucleon” nitrogen as a result 
of exercise 



365 


URIC ACID EXCRETION 

There would seem, therefore, to be no doubt m the minds of workers 
in this field that muscular work does influence punne metabolism, but 
differences of opinion occur as to whether these disturbances of meta- 
bolism are reflected m the unne. Thus Lusk(i5) concluded that the 
character of the unne was unchanged after muscular work. Bunan 
observed on hims elf an increase of unc acid excretion during the hours 
immediately following muscle activity, but this was compensated for 
by a subsequent fall, leaving the total excretion for the 24 hours more 
or less unaltered. More recently HartmannffO), experimenting on the 
human subject, noticed a fall in the unc acid and P,0 5 excretion during 
the actual hours of work, followed by a compensatory nse leaving the unc 
acid content of the 24 hours unne unchanged This fall during work 
was attributed to diminished kidnev excretion during that penod. The 
inference to he drawn is that the post-work nse was due not to any 
increased formation or liberation of unc acid but simplv to the washing 
out of the unc acid retamed during the work penod The experiments 
of Rakestraw(i9) and of Levine, Gordon and Denck(i3) suggest 
however that this explanation may not be the sole explanation of the 
subsequent nse It may be further noted that Hartmann started his 
punne-free diet only on the night before the day of work and ignored 
the unne secreted on the day following the exercise His results there- 
fore are not free from objection. 

On the other hand Cathcart, Kennaway and Leathes(o) ob- 
served an increase in the excretion of unc acid which “follows the 
exertions and lasts for manv hours after them. ’ On examination of 
their protocols it is seen that this increase appeared on the day of work, 
usually reaching its m a xi m u m on the day following, and it often lasted 
for at least two days after the actual exercise 

X further study of the effect of voluntary muscular activity upon 
the output of unc acid and the punne bases was earned out bv 
Kennawaypi) 

Dunlop, Noel Paton, Stockman and Maccadam(S) found that, 
when the subject was m training, exercise caused a fall in unc acid 
output, whereas, when the subject was not in training, exercise caused 
a nse m unc acid excretion. This was not correlated with the observed 
degree of perspiration which is popularly supposed to be an index of 
phvsical fitness. 

In a recent paper by Cathcart and Burnettes), where there was 
no doubt as to the physical fitness of the subject, although the expen- 
ments were not directly concerned with unc add excretion, it is to be 

24—2 
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noted that, when the subject was on a punne-free diet, there was a 
small but definite rise m uric acid excretion during the work period 
When the diet was changed to one containing punne no rise took place 
Hence it follows that the nature of the diet on which the work is per- 
formed may play an important role 

This raises the question as to the normal endogenous source of ex- 
creted punne and the influence which diet may have thereon 

Burian and Schur(3) differentiated clearly endogenous from exo 
genous unc acid and considered hypoxanthme of the muscle to be the 
chief source of endogenous unc acid Zwarenstein( 22 ) has recently 
shown connection between ingested unc acid and creatinine excretion, 
thus, m his opinion, strengthening the probability of the derivation of 
unc acid from muscle Lewis, Dunn and Doisy(i4) considered that 
the increase in unc acid excretion after protein ingestion was due to a 
general stimulation of all cellular metabolism by the amino-acidB 
Horbaczewski (cited Burian and Schur(S)) saw m the nuclei of 
destroyed cells, before all m the nuclei of leucocytes, the source of unc 
acid, gomg so far as to say that the increase of unc acid in the unne 
after ingestion of punne-nch food is due to a digestion leucocytosis and 
subsequent destruction of these cells It must not be forgotten however 
that Ackroyd and Hopkins (i) have shown that there is a possibility 
of synthesis of the purine ring m the body from arginine and histidine 
In addition however there is perfectly good evidence that punne- 
free non-mtrogenous food may quite definitely influence the unc acid 
excretion. 

Thus Cathcart(4) showed that on a pure fat diet the unc acid 
excretion was low m comparison with that on a carbohydrate diet, and 
he noted that addition of punne-free protein to the diet caused a nse 
m unc acid excretion Graham and Poulton(9) confirmed these results 
while Umeda(20), as a result of expenmenting on himself and on animals, 
came to the conclusion that the increased excretion of unc acid on a 
carbohydrate-nch diet was due to synthesis of unc acid in the body 
Macleod and Haskms(i7), on the other hand, considered that the 
excretion of endogenous punnes was not affected by considerable 
vanations m punne-free diet 

The possibility of unc acid being “washed out” of the body by large 
water ingestion is suggested by the work of Cathcart(i) WilsonPU, 
however, m metabolic experiments where he vaned enormously the 
water ingested, found no constant alteration m unc acid excretion 
Another question of some moment is whether the environment can 
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play any interfering role Cathcart and Leathes(T) have found that 
involuntary muscle contraction, in the form of shivering induced by 
cold, caused a large increase in unc acid output, whereas voluntary 
muscle exercise, under conditions of warmth, caused a definite fall The 
etiology of this marked increase in the case of shiv enng is complicated 
by the factor of exposure to cold which can by itself, as pointed out by 
Cathcart, Kennaway and Leathes(6), cause an increased excretion 
which “ outlasts by many hours the exposure to cold ” 

Smce the completion of this work Prof Leathes has called my 
attention to, and kindly allowed me to refer to, a communication which 
he and H Orr gave to the Physiological Society in June 1912 In this 
work they produced evidence to show that increased muscle tension, 
brought about voluntarily and apart from any reaction to cold, causes 
a marked rise in unc acid excretion 

In view of these findings it was considered that further investigation 
into the effects of involuntary muscular activity, with the temperature 
factor eliminated, might provide information of interest 

Present investigation 

In the present work the type of muscle activity studied resembled 
somewhat the involuntary muscle tremor found m the shivering reaction 
to cold, but any marked temperature alteration was avoided When 
muscles are maintained in a state of increased tension a fine fibrillary 
tremor appears m the muscle substance, but, unfortunately, this strain 
cannot be maintained for more than an hour or an hour and a half at 
any one time 

In the first few experiments this tremor was induced m the arms 
alone by pulling against fairly powerful springs, but later, tremor was 
aho induced in the leg muscles by maintaining heavy weights m a raised 
position by means of a foot lever This type of activity may he called 
static work or static effort The tremor could be felt by the subject of 
the experiment and also by observers This tremor must not be con- 
sidered the same as muscle clonus, m which the muscle as a whole 
contracts and relaxes rhythmically, for the tremor thus induced by 
continuing strain did not implicate the muscle belly as a whole but 
seemed to affect individual bundles of muscle fibres m au mco-ordmate 
fashion The tremor became progressively worse, while from time to 
tune a generalised rigor or “shiver” passed over the entire body 

Fig 1 is a trace obtained from the subject’s arms during such an 
experiment ° 
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Some slight cyanosis was observed m the subject’s hands during the 
experiment For three or four hours after the experiment the muscles 
ached dully, there was a tendency 
to mco-ordmation of voluntary 
movements and the tremor re- 
turned on the slightest strain 
being thrown on the affected 
muscles The following day how- 
ever there was no pain, no tender- 
ness nor stiffness of the muscles 

In one case the course of 
temperature change was con- 
tinuously followed by means of a 
rectal thermometer At the out- 
set, 3 o’clock in the afternoon, 
the reading was 37 1° C , at the 
close of one hour’s static work it 
was 37 6° C 

The diet was punne-free, con- 
sisting of 16 oz white bread, 4 oz 
butter, 3 oz cheese, 2 pints of 
milk (40 oz ) and one apple per 
diem The calorie content was more than ample, the subject gaining 
weight sbghtly The water ingestion was not rigidly controlled, but its 
variation was shght, all alterations in urinary output being explainable 
by variation in environmental temperature, or by perspiration following 
on the muscular exertion 

The daily routine was maintained as uniform as possible. The urine 
was collected m 24 hour samples from 7am to 7 a m 

When, as a result of urinary analysis, the subject was judged to be 
in metabolic equilibrium an experiment was earned out When the 
standard level had been restored, without a break in the routine, the 
experiment was repeated 

The methods employed m unnary analysis were as follows 
Total nitrogen Kjeldahl 

Unc acid modification of Hopkms-Folin method 
Total punne nitrogen Camerer-Arnstem 
Amm onia Folin 
Creatinine and creatine Folm 

P„0 £ simple titration with uranium acetate solution 



Fig 1 Tremor Time in seconds 

(1) At end of 15 minutes. (2) At end of 
30 minutes ( 3 ) At end of 50 minutes 
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In Table I and m Table II two typical protocols are given in detail 
Table I gives an example of the results which were usually obtained and 
shows clearly the effect of static work on the output of tmc acid and on 


Table L 


Grm. nitrogen in 



Mean 

temp 

"J 

Humi 

Unne 

Unc 

Other 

Total 

XH, 

Crea 

Crea 

Grm. 

Date 

dity 

volume 

acid 

pannes 

N 

salts 

tirune 

tme 

DjOj 

26 xl24 

49-9 

91 

860 

0155 

0 047 

14 00 

0 80 

0 57 

— 

2 67 

27 xl24 

47 4 

SS 

960 

0 159 

0-055 

14 56 

0-77 

0-60 

' 

2 70 

*28. xl 24 

42-0 

83 

830 

0*165 

0 059 

14 20 

084 

0-54 

— 

2 70 

29 xl 24 

430 

94 

910 

0161 

0-060 

14 42 

084 

0-53 

— 

2 56 

30 xl 24 

47 2 

83 

1040 

0165 

0 045 

14 60 

0 86 

058 

— 

2 70 

1 xil24 

47 6 

90 

1000 

* 

0-148 0-037 14 00 

Day oi static work. 

0-83 

0 56 


2 56 


“other purines 5 Table II is given as an example of a slightly anomalous 
rate of excretion of uric acid 

Table IX 


Grm. nitrogen in 


Mean 



temp. 

Hxrmi 

Urine 

Unc 

Other 

Total 

XH, 

Crea 

Crea 

Grm. 

Date 

° F 

dity 

volume 

acid 

punnes 

N 

salts 

tmrne 

tine 

p,o. 

1 xil24 

47 5 

90 

1000 

0-148 

0-037 

14-00 

083 

0-56 

— 

2 56 

2.hl24 

45-3 

88 

1015 

0-160 

0 052 

14 32 

0 76 

057 

— 

284 

*3. sn. 24 45-1 

84 

840 

0154 

0-049 

14-20 

0-78 

0-58 

trace 

2 27 

4. xiL 24 

45-6 

85 

1040 

0181 

0-099 

14 46 

0 79 

0-5) 

— 

2 74 

5 xn.24 

45-8 

86 

970 

0-161 

0-035 

14 84 

0 87 

0-53 

— 

2 70 

6 m. 24 

45-6 

92 

9S0 

0148 

0-052 

14 54 

0-78 

0-59 

— 

248 


* Day of static -work. 


In Table II the behaviour of unc acid on the day of static work is 
worthy of attention The general rule over the whole senes (v Table HI) 
is a slight increase m unc acid excretion on the day of work, bnt in certain 
definite cases, where profuse perspiration had accompanied the muscle 
strain, and where the volume of unne was in consequence much reduced, 
a slight fall m unc acid excretion was observed This is not unexpected 
from the work of Cathcart(4) r s The following day however shows a 
striking increase in unc acid excretion Whether this lag in excretion 
he due wholly to retention in the body as a result of low urinary volume, 
or due also to delay in formation of unc acid from its precursor, must 
remain, fox the present, a moot point 

For the sake of ease of presentation the results of the twelve different 
experiments are grouped and averaged m Table HI Each experiment 
is regarded as covering a six day penod, two days before the effort, the 
day of effort and the three following days 
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Table m 






Gnn nitrogen m 

A 




Uno 

Other Total 

NH, 

Crea 

Gnn 

Average of 

aoid 

purines N 

Balts 

timne 

P t 0, 

The days, two days before 

0 161 

0 040 14 64 

0 77 

0 62 

3 01 

The days, one day before 

0 162 

0 042 14 70 

0 77 

0 63 

3 06 

The days of static work 

0 168 

0 046 14 77 

0 78 

0 63 

2 84 

The first days following 

0 163 

0 045 14 83 

0 79 

0 63 

306 

The second days following 

0 168 

0 044 14 64 

0 79 

0 62 

2 94 

The third days following 

0 163 

0 042 14 60 

0 80 

0 62 

299 

For comparison with these results from the static 

effort 

ordmaiy 


muscle work was performed under s imil ar conditions of routine and 


diet Four such experiments were earned out, walking m the open, 
walking on a moving platform, performance of work with a bioycle 
ergometer and with an arm ergometer Table IV gives one of the 
protocols and Table V the average of the four expenments 


Table IV 






Gnn nitrogen in 




Mean 


f 





1 



temp Humi 

TJnne 

Uno 

Other Total 

NH, 

Crea 

Crea 

Gnn 

Date 

° F dity 

volumo 

aoid 

purines N 

salts 

timne 

i tine 

P.0, 

2 il 25 

43 6 87 

090 

0 164 

0 023 14 28 

0 86 

065 

— 

346 

3 u. 26 

46 2 87 

1060 

0 166 

0 029 14 78 

0 83 

0 65 

— 

348 

4.U.25 

43 3 78 

1010 

0 174 

0 036 15 96 

0 80 

0-59 

— 

3 83 

6 il 25 

441 81 

1120 

0 200 

0 037 18 03 

0 89 

0 66 

— 

3 49 

0 il 26 

36-5 90 

1100 

0 199 

0 034 16 60 

088 

0 61 

— 

336 

7 u. 25 

406 84 

1240 

0 178 

0 037 15 97 

0 85 

0 61 

— 

339 




Table V 









Gnn nitrogen in 

A 







r 

Uno Other 

Total 

NH, 

Crea 

Grin 


Average of 



acid punnes 

N 

salts 

timne 

P.O, 

The days, two days before the exercise 

0 168 0 026 

14 88 

0 76 

0 67 

3 41 

The days, one day before the exercise 

0 160 0 032 

15-12 

0 80 

0 60 

3 37 

The days of 

exercise 



0 164 0 033 

16 77 

0 78 

0 62 

3 39 

The first davB following the 

exercise 


0 178 0 036 

16 30 

0 87 

0 64 

3 37 

The second dayB following the exercise 

0 169 0 031 

15 71 

0 84 

0 61 

3 24 

The third days following the exercise 

0 169 0 032 

16 01 

0 83 

0 65 

3 38 



Discussion 

of the results 






In connection with the static effort there is a definite, although small, 
rise m unc acid output, an increase persisting for 48 hours after the day 
of experimentation This was mvanably the case although the results 
vaned m degree 

The excretion of other purine nitrogen follows the alteration in the 
output of uric acid without itself showing much change 

Similarly, in ordinary muscle activity, there is an increase in unc 
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acid excretion but here the increase is somewhat greater This increase 
agrees with the findings of Cathcart, Eennaway and Leathes(6) 

As far as the present results go there is no doubt that muscle activity , 
belt voluntary or “involuntary’ as in the static effort, causes an increase 
in unc acid excretion. 

The work of Dunlop, NoelPaton, Stockman and ilaccadamtS), 

of KennawavfU), and of Levine, Gordon and DenckCi3) suggests 
that physical “fitness” mav alter the degree of increase in excretion of 
unc acid in response to muscle activity, this possibly partly explaining 
the contradictory results to be found m the literature of the subject 
In the same way the question of temperature is pertinent The 
assessment of the degree of influence which temperature may exert is, 
however, a very difficult matter In the laboratory, carrying out routine 
analysis, the subject is theoretically, although rarely in practice, exposed 
to a unif orm temperature, but once out-side the laboratory he is exposed 
to all the capncious thermal moods of our changeable climate Cold, 
especially dry cold, acts as a general metabolic stimulant, and, m this 
general “tome ’ action Cathcart, Kennaway and Leathes see the 
source of the increased unc acid excretion which results on exposure 
to cold. 

At one period of the research there was a short spell of frost and 
snow During that period the excretion of unc acid rose far above the 
usual level. This alteration was coterminous with the penod of cold 
and the me was well beyond tbe limit of experimental or day to day 
variation. 

As regards the other urinary constituents there is little worthy of 
note Nitrogen excretion is increased mainly on the day of work and 
on the day following, this being less obvious in tbe static effort group 
The alteration in ammonia excretion is not significant 
The behaviour of creatinine is peculiar Iu the well-known work of 
PekelharmgciB), increased muscle tone led to au increased excretion 
of creatinine, an increase not found after normal muscular exertion. 
Leathes and 0 ir(i 2 ) confirmed this, though the increased output of 
creatinine was much less than that of unc acid. 

In the present senes however the static effort shows little effect on 
creatmme excretion while ordinary muscular work very evidently does so 
A trace of creatine was detected but twice as a result of static effort 
both times in the urrne of the work penod, m view of the difficulties of 
colonmetnc estimation, however, all the results in connection with 
creatmme and creatine are regarded with some little distrust 


372 


R C GARRY 


At odd tunes lactic acid was looked for m the unne of the days of 
static work Hopkins’ thiophene test was used and was always negative 
The excretion of P 2 0 6 remained constant during muscular work, but 
on the days of static effort it showed a decided fall 

Conclusions 

' (1) Static effort of the type employed, as likewise ordinary muscular 

exertion, increases the excretion of unc acid on the day of work, the 
increase extending into the two following days 

(2) The output of total nitrogen is similarly affected 

My most grateful thanks are due to Prof Cathcart for the sug- 
gestion of this work and for his advice and interest during its progress 
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FCETAL BLOOD-GAS TENSIONS AND GAS TRANS- 
FUSION THROUGH THE PLACENTA OF THE 
GOAT By A ST G HUGGETT ( Bat 
Memorial Research Felloio) 

{From the Sherrington School of Physiology, St Thomas's 
Hospital, London ) 

It has long been known that the developing animal absorbs oxygen and 
gives off carbon dioxide In 1674 Mayow(i) showed that the egg dies 
if the shell is varnished He suggested that m mammals the placenta 
is the route by which these gases pass to and from the developmg fcetus 
and that in fact it functions as a foetal lung About 1700 Hulse and 
Ray(2) adopted and extended the same opinion In 1798 Schehl(3) 
observed that in the umbilical vein the blood is red and in the umbilical 
artery it is blue In 1876 Zweifel{4) showed spectroscopically that 
oxyhfflmoglobm existed in the umbilical cord In 1877 Zuntz(5) demon- 
strated that m rabbits with maternal asphyxia the mother and fcetus 
die at the same tune, but that if the cord be clamped at the moment 
of asphyxia the foetus dies 10-20 minutes after the mother This 
suggested that by not yielding up its oxygen to the mother it lived 
longer He also stated that during maternal asphyxia the colours of 
the bloods were reversed, the blood m the umbilical artery being brighter 
than that m the vein From this he deduced that the placenta removed 
oxygen from the foetal blood and passed it on to the mother during 
maternal asphyxia In 1884 Cohnstem and Zuntz(6) investigated 
experimentally the mechanism of the gaseous interchanges between the 
mother and the foetus, using a number of different mammals, of which 
the pregnant sheep was the most important They confirmed numerically 
the observations of Schehl that the bright red blood leaving the placenta 
contained more oxygen and less carbon dioxide than that going to the 
placenta From 1888 to 1893 Charpentier and Butted, 8 ) published 
a senes of papers pointing out from clinical experiences supported by 
experiments on rabbits, that after a big maternal haemorrhage the colour 
of the blood m the umbikcal artery was brighter than in the umbilical 
vein They suggested that the foetal tissues were yielding up oxygen to 
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supply the mother, that is, it was a case of reversal of oxygen passage 
across the placenta In 1909 Bohr (9) discussed the question in Nagel’s 
Handbuch He pointed out that possibly oxygen and carbon dioxide 
diffused across the placenta, but before the hypothesis of secretion could 
be rejected certain facts had to be considered The lung and the pla- 
centa are not analogous in regard to structure Besides having two 
senes of blood vessels or sinuses the placenta has separating the maternal 
and foetal bloods a layer of active cellB, the trophoblast, and a layer of 
syncytial protoplasm Further, it has a very active metabolism, and a 
number of intermediate processes were known to occur involving ab- 
sorption of oxygen and excretion of carbon dioxide In fact it was m 
his opinion a moot point as to which was the actual mechanism 

In regard to the passage of gases other than the normal blood-gases 
much work has been earned out in France Nicloux(io,n,i3), working 
alone and in collaboration with Balthazard, has investigated very 
carefully the passage of carbon monoxide He concludes that it diffuses 
across provided that sufficient time elapees for the slow dissociation of 
the carboxy-hsemoglobm to create an adequate pressure gradient in the 
plasma at the placental membrane It then appears m the total blood 
If, however, the dosage of carbon monoxide ib too great the dissociation 
does not occur before the maternal death and so the gas does not diffuse 
across The totus dies of pure asphyxia without having any car boxy- 
heemoglohm m its blood 

So far the only measurements made of the foetal blood-gases have 
been the percentages in the arterial and venous bloods of the umbilical 
cord The quantities in the mixed blood of the carotid artery going to 
the brain have not been measured 

If diffusion is taking place the partial pressures of the gases on 
opposite Bides of the placental membrane should be different and such 
as to allow for diff usion Neither Bohr nor Cohnstem and Zuntz 
ever measured the gas tensions m the foetal bloods, still less compared 
them with those m the maternal blood 

In this paper the problem of the mechanism of placental gas trans- 
fusion has been approached from three points of view 

(a) The measurement of the absolute partial pressures of the blood- 
gases in the mother and totus 

( b ) The measurement by differential tonometry of the relative 
tensions in the maternal and foetal bloods at the same moment 

(c) Reversal of gas current 
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A Measurement of foetal and maternal blood-gas tensions 

The deter mina tion of the partial pressures was earned out by con- 
structing dissociation curves and obtaining the gas tensions from the 
curves by measuring the gas contents of the bloods 

The anima ls used were goats This animal was selected first because 
instead of a litter it has twins, occasionally a single foetuB These fetuses 
weigh about 1 2-1 5 kg and so are sufficiently big to he operated on 
without difficulty Rabbits and cats have fitters and the young are too 
small for accurate quantitative work In the second place the goat ib not 
grossly expensive The sheep (used by Cohnstem) has the necessary 
requirements but is three to five times the pnee of a goat 

The gas contents were measured by means of Van Slyke’s constant 
pressure blood-gas pump This was used m preference to the Barcroft 
differential manometer or the Haldane blood-gas apparatus because the 
young cells being active were found to self-reduce before accurate 
measurement could be made The pump was quicker Also it was 
possible to obtain figures for all three gases on the same sample of blood 
The dissociation curves for oxygen and carbon dioxide were made by 
Barcroft’8 method using Barcroft saturators The gas volume m the 
saturator was about 220-250 c c , the blood volume was 5 c c or less 
according to desire, the time of saturation was fifteen minutes It was 
found that equilibrium was attained m this period The bloods after 
saturation were run off into tubes under liquid paraffin and the gas 
contents determined The gas mixture left m the saturator was analysed 
by the Haldane apparatus, the total pressure being taken with a small 
manometer in the bath before running off the blood In determining 
the curves each point was determined separately This lent to greater 
accuracy than if all the points were determined together, six bloods 
being equilibrated simultaneously and then six gas determinations being 
earned out 


The maternal goat was at or near full term anaesthetised with 
urethane 1 0 to 1 5 grm per kg subcutaneously and 3-4 hours later 
induction with ether was performed The quantity required was negli- 
gible and usually only an occasional whiff of ether was necessary to keep 
the annual under anesthesia thereafter, very often none at all 

The breasts were amputated, since they are hypogastnc in position 
in the goat A cannula was put in the trachea and respiration earned 
on through that The whole goat was then immersed in a domestic 
hath containing saline at 38“ C The abdomen was opened m the mid- 



376 


A ST 0. SVGGETT. 


line arid, the two horns of the uterus exposed One horn was inciBed 
over a bloodless area and, the membranes being cut through, the fostus 
was delivered into the bath of saline with as little manipulation as 
possible and with its snout kept constantly below the Bahne In this way 
the conditions approximated to those in utero but allowed of experi- 
mental observations being earned out The placenta was left intact 
The uterus did not retract, probably because of the amesthesia and 
because the placenta, which in the goat covers the major portion of the 
interior, was not removed Retraction set in when it was removed 
The bloods were obtained by inserting cannulee into branches of the 
umbilical vem and artery for the arterial and venous bloods and into 
the foetal carotid artery for the blood going to the brain Maternal 
artenal blood was obtained from the carotid artery and venous blood 
from the uterine vem when required 

Measurement of 'percentages of gases in fatal blood The samples of 
blood taken all came from foetuses at dehvery from the uterus, the 
placentae m all cases being intact The feetus had made no respiratory 
movements, and was kept entirely submerged in the bath at 38° C The 
bloods taken were analysed at once in the Van Slyke apparatus Table I 
shows the figures obtained together with the corresponding figures ob- 
tained by Cohnstein and Zuntz 


Tabm L Fa>tal blood gag contents per 100 yoIb of blood (in percentages) 


Goat 

B 

G 

D 

H 

N 

0 

Average 

Cohnstein and 
Znntx 


Oxygen Carbon dioxide 


F.AB 

FM.B 

fv'b 

FA.B 

FM.B 

fv'b 

70 

6-0 

60 

28 7 

31 0 

350 

6-5 

42 

025 

32 0 

400 

45 2 

5-0 

45 

09 

35 0 

37-0 

41 8 

12 0 

90 

40 

24 0 

347 

37 5 

9 7 

47 

30 

26 0 

30 8 

348 

7 5 

70 

35 

34 0 

458 

548 

7 06 

59 

2 04 

299 

36 0 

41 6 

63 



2 3 

40 5 

— 

47 0 


F A.B = Fatal artenal blood from Umbilical V 
F M.B = Fatal mixed blood to brain. 
jVB s= Fatal venous blood from Umbilical A. 


The average total oxygen capacity was 17 4 c c oxygen per 100 c c 
of blood This gives an average percentage oxygen saturation ot45 0pc 
m foetal artenal blood, 33 1 p o m fcetnl mixed blood and 16 6 pc 
foetal venous blood 

Measurement of gas tensions in fatal blood The indirect methods 
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described above based on dissociation curves and blood-gas contents 
■were used. 

Table H gives the analyses of equilibrations at different gas tensions 
on a number of bloods from a senes of foetal goats For brevity tbe 
whole senes of points is grouped in one table giving the percentage 
oxygen saturation at known oxygen and carbon dioxide tensions, to- 
gether with the carbon dioxide content per 100 vols of blood It is the 
basis of the curves in Figs 1 and 2 


Table IL Oxygen saturation and carbon dioxide percentage of fcetal blood at 
varying tensions of oxygen and catbon dioxide. 


Tension of gases in 
saturator 


Goat 

CO, 

o. 

H 

73 6 

0 91 

H 

409 

1 14 

O 

287 

10 38 

0 

17 9 

10 8S 

O 

503 

114 

O 

67 5 

12 7 

O 

38 6 

14 7 

D 

23 8 

15 7 

O 

612 

16 7 

B 

13-3 

18 2 

M 

40-2 

237 

T 

505 

30 0 

D 

26-8 

315 

T 

68 3 

32 7 

T 

21 0 

356 

D 

29 l 

400 

D 

22 4 

424 

11 

403 

428 

B 

5-04 

488 

O 

63 2 

56-7 

M 

24-5 

63 8 

B 

17 9 

69 4 

T 

721 

73 0 

T 

10 3 

800 

D 

17 6 

88 0 

B 

26-5 

89 0 

O 

710 

93 8 

O 

640 

98-0 

B 

215 

102 0 

B 

32 0 

104 6 

B 

256 

107-0 

B 

387 

110-2 

T 

600 

110-0 

H 

73 6 

1210 

H 

315 

122 0 

C 

30 7 

122 0 

B 

60 5 

134 7 

B 

261 

144 6 


Volume of carbon Total 

dioxide per 100 oxygen 

vols blood capacity 

c. 0 . per 100 c c. co. 

50 19 

32 19 

23 15-5 

19 15-5 

38 15 5 

33 16 5 

27 5 15 6 

23 18 

41 16 5 

9 18 

29 19 

32 5 17 

20 18 

415 17 

15 17 

21 18 

18 18 

28 19 

10 19 

35 15 5 

15 16 

12 18 

40 17 

11 17 

12 18 

17 18 

38 15-5 

33 15-5 

15 5 18 

19 19 

18 19 

20 19 

28 5 17 

37 5 19 

20 5 19 

21 15 5 

30 10 

15 19 


Percentage 
oxygen 
saturation 
pc 
15 8 
15 8 
12 9 
12 9 
16-0 
16-1 
19 3 
22 2 
16- 1 
30 6 
29 2 
3S5 
36 1 
415 
500 
50-0 
55-5 
62 7 
633 
613 
76 4 
76-0 
76 4 
854 
888 
89 0 
857 
90-3 
917 
92 1 
94 7 
94 7 
912 
79 6 
97 4 
96-0 
100-0 
100-0 
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points In this way the average gas tensions m the fcetus of the anaesthe- 
tised goat could he obtained Three dissociation curves were made at 
average carbon dioxide tensions of 17 9 mm , 35 17 mm and 66 5 mm 
These curves are shown m Fig 1 

Similarly three carbon dioxide curves were drawn at average oxygen 
tensions of 12 4 mm , 17 2 mm and 108 4 mm of oxygen These appear 
m Fig 2 

The average gas contents m Table I when applied to these curves 
yielded the gas tensions set out m Table HI, which are the tensions of 
the gases m the artenal, venous and carotid bloods of the fcetus 

Table HL The blood gas tensions of the fcetns 

FJ.B F-M.B F V B 

Oxygen in mm Hg ■it 28 15 

Caibon dioxide in mm. Hg 44 51 61 

It was not possible to determine these results entirely on one foetus 
owing to the technical difficulty of making the necessary curves on the 
one animal, and being certain at the same time that the physical con- 
ditions of the blood in the body and wben sbed did not markedly change 
during the experiment Further, it was impossible to obtain any reliable 
results with this highly active young blood on one animal alone Re- 
course therefore had to be made to the average method as described 
above It will be noticed that the caibon dioxide tensions are quite 
high whde the oxygen tensions are low This is borne out by the colours 
of the bloods which in the urethamsed goat are always dark red, even 
the fcetal artenal blood being purple in hue 

Measurement of Maternal Gas Tensions The indirect methods of 
blood-gas tonometry already used for determining the fcetal blood 
tension were likewise used for the maternal bloods The same average 
method was used as it was impossible to determine maternal and fcetal 
gas tensions m one experiment 

The average quantity of gases of the artenal blood of the mother 
(urethamsed) was 

Oxygen 17 85 p c 

Carbon dioxide 48 25 p c 

The average percentage oxygen saturation was 82 6 p c 
Dissociation curves were constructed in the same manner as for the 
fcetal blood and the above results when applied to these curves yielded 

60 mm of oxygen and 43 mm. of carbon dioxide m the maternal artenal 
blood 


PH LXH. 


25 
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These results show that the difference m oxygen pressure between 
the maternal arterial blood going to the placenta and the fcetal venous 
blood returning to the placenta is 60 — 15 = 45 mm of oxygen Tins 
gradient is sufficiently big to suggest that oxygen can diffuse across the 
placenta from the mother to the foetus There is no reason apart from 
histological consideration why one should hypothesise a secretory 
mechanism such as Bohr suggested 

In the case of carbon dioxide the difference in tension between the 
gas in the umbilical artery and the gas in the uterine artery is 61— 43 = 
18 mm This margin of 18 mm is not so big as m the ease of oxygen, 
but the diffusion constant for carbon dioxide across a wet membrane 
being much greater than that of oxygen, the gradient is more than 
enough for diffusion to carry out all the exchange of carbonic acid which 
is occurring 

B Differential Tonometry 

To investigate the question further recourse was had to a mode of 
experiment which might be called “Differential Tonometry” If two 
bloods A and B of equal volume and different dissociation curves are 
equilibrated against pure nitrogen m saturators of equal size, the re- 
sultant gas mixtures will have gas tensions proportional to the gas 
tensions in the original bloods The gas tensions in the bloods will fall 
along the two curves AA’, BB', while the gas tensions m the gas mixtures 
will nse along the curves OA', OB' (Fig 3) 



Therefore by measuring the gas tensions in the mixtures (ab) at any 
tune i after equilibration was begun we obtain an index of the relative 
gas tensions at A and B initially The advantage of measuring the 
percentage m the gas mixture is twofold Firstly, equilibration can be 
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stopped at any time m the blood-gas mixture by simultaneously sepa- 
rating off the bloods from tbe gases, further variations m the blood gas 
tensions in one blood during analysis of the otheT do not cause any 
error, the gases rema inin g constant in composition once they are sepa- 
rated off Secondly, it is easier to measure a slight difference in per- 
centage m two gas mixtures with a Haldane gas analysis apparatus than 
it is to measure a s imil ar difference in gas percentages in two bloods 
with the Yan Slyke pump or any other blood-gas apparatus such as 
Barcroft’s ox Haldane’s 

The objection to comparing the bloods directly by putting them m 
the separate bottles of a Baxcroft differential manometer is that the 
Barcroft apparatus only gives differences in percentage saturation If 
the bloods have the same dissociation curve this is the same as differ- 
ences in gas tension. But if the bloods have different dissociation curves, 
as is the case with the maternal and foetal bloods, it might be quite 
possible for the more saturated blood to have a lower tension than the 
less saturated blood and so a result the exact reverse of the truth be 
obtained 

In carrying out this differential tonometry 10 c c each of the bloods 
to be compared were equilibrated against pure nitrogen m equal sized 
saturators for 10 minutes at 38° C The bloods were separated off and 
the gases were analysed The only fallacy liable to occur is one due to 
the Bohr effect, that is, supposing the carbon dioxide escapes from the 
blood into the nitrogen, the affinity of the blood for oxygen increases 
so that the oxygen tension does not fall m the blood nor nse in the gas 
mixture as much as it might if no carbon dioxide had escaped The 
converse is equally true This source of error is, however, unlikely to 
occur unless the gas tensions of the bloods to he compared are very close 
This does not happen m these experiments 

In order to test this method a senes of bloods containing gases at 
known tensions were made up and compared by measuring the per- 
centages a and 6 (see Fig 3) m the gas mixtures as described above 
The results are given m Table IT 

In these experiments the fame of equilibration vanes, bnt the result 
is always the same, namely, that the gas tension is greater m the 
gas mixture which is in contact with the blood with the higher gas 
tension Further, the method holds good for both carbou dioxide and 
oxygen It must be home m mmd that it is not a method of measuring 
either the absolute tension of a gas in blood, nor is it a method of 
measuring the absolute ratio of the tensions m two bloods As desmbed 

25—2 
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Table IV 

Partial pressure 

—A 

Relative pressures 
a and b 

. . . . X 

Exp 

Blood 

o. 

CO. 

t 

O, 

CO,'' 

I 

A 

30 

— 

0165 



B 

60 

— 

0 313 



rt 

A 

10 

20 

119 

164 


B 

30 

40 

1 66 

1 65 

m 

A 

10 

30 

1 17 

0 94 


B 

24 

48 

1 69 

103 

IV 

A 

20 

40 

0 76 

039 


B 

40 

20 

1 47 

0 29 

V 

A 

20 

40 

0 428 

0 664 


B 

40 

20 

0 694 

0 462 

VI 

A 

30 



1076 




B 

40 

— 

1338 

— 

vn 

Arterial blood from cat 


2 69 

0 760 


Venous blood from oat 


1 61 

0 807 


above it merely indicates in which blood a gas (whether oxygen or 
carbon dioxide or both) has the higher partial pressure 

In its present form it is not possible to use it for measuring absolute 
partial pressures, because to obtain these results consideration has to 
be given to the rates of diffusion of gases both in blood and in nitrogen, 
their relative solubility in different bloods, and the whole needB to be 
mathematically treated to give absolute results This lies outside the 
immediate field of this research 

Applying this method of differential tonometry to the simultaneous 
tensions m maternal and foetal blood we obtain the results shown in 
Table V 

Tabus V Relative blood gas tensions 

L M.A.B oxygen _0 696_1J) 

FVB oxygen 0 3G6~ 1 

1LA.B carbon dioxide_0 76 _ 1 
FV B carbon dioxide~0 92 ~ 1 21 

II tl.V B oxygen _ 1 

F.A.B oxygen = 1 3 

MAB =Matemal arterial blood. F V B = Foetal venous blood, otc. 

The first experiment shows that the gradients existing between the 
fcntal venous blood go mg to the placenta and the maternal arterial blood 
going to the uterus are adequate for diffusion The second experiment 
shows that the maternal venous blood m the utenne vem has a lower 
oxygen tension than the foetal arterial blood This is not surprising if 
we remember that the placenta, unlike the lung, consumes an appreciable 
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quantity of oxygen and further that this venous blood comes not only 
from the placenta but also from the uterus 

C Reiersal of Gases through Placenta 
Zuntz m 1877 claimed to have reversed the passage of oxygen 
across the placenta so that the foetal venous blood had more oxygen 
than the fetal arterial blood as evidenced by the colour That is to say , 
the mother on asphyxiation was withdrawing oxygen she had already 
given to the fetus This could only occur m the case of a very acute 
and sudden maternal asphyxia such that the maternal arterial oxygen 
tension fell suddenly from above the fetal venous oxygen tensions to 
below it It was found impossible to produce sufficiently acute an 
asphyxia to repeat this experiment, but by asphyxiating the mother it 
was possible to raise the carbon dioxide tension m the maternal blood 
so that the foetal venous blood absorbed carbon dioxide from the mother, 
as shown in Table YI, Exp IY 

Table YL Relative blood gas tensions. 


in. 

A. Normal 


B After maternal rebreathmg until 
fatal heart distressed 

A 


CO, 

o. 

CO. 

o. 

M.A.B 

31 

90 

5 5" 

40 

FYB 

60 

6-1 

60 

31 


IV After maternal asphyxia until 3rd stage — fates moribund 

O. CO. 

F.AJB 2 03 11 83 

F VJB 0 00 10 62 


These experiments show that maternal rebreathmg lessens the gra- 
dients, increases the absolute carbon dioxide tension m the mother and 
m the fetus, and decreases the absolute oxygen tension and m extremity 
causes a reversal of the carbon dioxide current across the placenta and 
marked inhibition of oxygen passage into fetus 

It seems difficult to imagine that these effects could occur if the gases 
were secreted, whereas they are very easy to understand on a diffusion 
hypothesis 


Summary 

(1) The fetal blood-gas percentage and tensions are measured in 
the urethanised goat 

(2) A method of differential blood-gas tonometry is described 

(3) The existence of a gradient from mother to fetus for oxveen 
and t ice versa for fcetos 13 deinonstratccL 
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(4) It is shown that the gradient can be varied and with it the re 
sultant fcetal tensions 

(5) The carbon dioxide current across the placenta is reversed 

(6) The conclusion is reached that the gases diffuse across the 
placenta and are not secreted by placental activity 

The author desires to acknowledge the help received by a Beit Memorial Fellowship 
for medioal research, during the tenure of which the major portion of the above work 
was earned out. The expenses were defrayed in part by a grant from the Government 
Grant Committee of the Royal Society 
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STUDIES ON THE INTERNAL SECRETIONS OF THE 
OVARY IV The significance of the occurrence of 
cestnn m the placenta 

By A S PARKES ( Beit Memorial Research Fellow) 
and C W BELLERBY 

(From the Department of Physiology and Biochemistry, 
TJnaersity College, London ) 


I INTRODUCTION 

The discovery that extracts capable of producing effects in ovanotonnsed 
animals could be prepared from ovaries soon led to the extraction of 
other organs, notably the placenta, vnth a view to ascertaining -whether 
these also would yield extracts similarly active The early workers on 
ovanan extracts were severely handicapped by the lack of accurate 
methods of testing, but nevertheless it was quickly found that effects 
brought about by the injection of ovanan extracts could also be 
produced by placental extracts Eellner(8), for instance, showed that 
injection of alcohol-ether extracts of both ovanes and placentae caused 
hyperplasia of the uterus m rabbits, and the same was noted of alcohol 
extracts of both organs by HerrmannPO) and of alcohol-acetone-ether- 
chlorofonn extracts by Seitz, Wintz and Emgerhutpi) Aschner(i) 
first showed that definite cestrous symptoms could be produced m 
ovanotonnsed animals by placental extracts 

The work of Allen and Doisy(i), who first dealt conclusively with 
the cestrus producing hormone of the ovary, and who first introduced 
the quantitative methods at present m use, led vanous authors to make 
similar extracts of placenta with a view to obt ainin g the same hormone 
Allen and Doisy themselves obtained large yields of oestrus producing 
substance 1 from placenta;, particularly from human D o dds, Dickens 
an Wright (6) obtained definite though lesser yields S imila r results 

In Y of their identical biological action there Eeems little or no reason to doubt that 
o oestnis producing substance obtainable from placenta is identical snth tbat obtained 
m ovane«, and in this paper the identity voU he assumed. 



386 


A S PARSES AND 0 W BELLERBY 

were recorded by Frank and Gu8tavson(8), and these authors, assum- 
ing that the cestrus producing hormone represented the entire mechanism 
of ovarian secretion, were led to elaborate their theory of the “gestational 
gland ” 

It is quite evident, therefore, that cestrin (which we have elsewhere (ifi) 
suggested as a suitable term for the cestrus producing hormono) can be 
obtained from the placenta, and this fact presents a very curious problem 
Allen, Pratt and Doisy, in a recent paper (2) discuss the significance of 
the presence of cestrin in the placenta, and tend to suppose that it is 
elaborated there Combining this hypothesis with their supposition that 
cestrrn is elaborated by the human corpus luteum, they tend to agree 
with Frank and Gustavson(fi) who maintain that the cestrus pro- 
ducing hormone of the ovary is the dominating factor in all phases of 
the cestrous cycle, including pregnancy, and is produced firstly by the 
follicle, then, after the rupture of the follicle, by the corpus luteum, 
and finally by the placenta Our own results do not, however, support 
this view In the first place the elaboration of cestrin m the ovary is 
clearly not a prerogative of the Graafian follicles (5, M,i5), and so the capacity 
of the ovary to elaborate it is not necessarily dependent on the presence 
of mature follicles Hence, the elaboration could be earned on at all 
stages of the cycle without the interference of the corpora lutea and 
placenta Secondly, turning to the corpus luteum, m our experience of 
cow corpora cestrin is only present m appreciable quantities in the fluid 
which is found inside hollow specimens, and which is probably homo- 
logous with liquor follicuh It is hoped shortly to publish these observa- 
tions, but m tbe meanwhile it may be pointed out that this finding is all 
against the supposition that cestrrn is elaborated by the corpus luteum 
the implication is that such oesfenn as may be found m corpora lutea is 
there accidentally In addition the work of Loeb(i2), Papamcolaou(iS) 
and our own observations (10) have conclusively demonstrated an oestrus 
inhibiting action on the part of the corpora lutea under certain con- 
ditions, and it is hardlycrediblethatthey should simultaneously combine 
the two functions of cestrus promotion and inhibition The fact that 
under normal circumstances oestrus never occurs during pregnancy 
suggests immediately that cestrus is incompatible with normal gestation, 
and we have in fact shown elsewhere that the artificial production of 
cestrus during pregnancy by the injection of oestnn leads to re-absorption 
or abortion It seems, therefore, highly improbable that the oestnn 
found m the placenta is elaborated there for the placenta to elaborate and 
secrete oestnn would, in fact, be a definite attempt at suicide In short. 
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v,iule not wishing to deprecate fox one moment the great value of the 
work, particularly that of Allen, which has been done on the cestxous 
hormone, we would register a protestagainstthepresenttendeney to regard 
it as the factor concerned in the development of the secondary organs and 
as the sole regulator of the female reproductive cycle of dicestrus, oestrus, 
pregnancy and lactation 

If, however, it is assumed as a tentative working basis that cestnn 
is not elaborated by tbe placenta, it is necessary to account for its 
occurrence there in far greater amounts than it is found in any other 
organ (excluding the ovary) in the body 1 In this connection Lillie’spi) 
remark that the fetuses must be protected in some way from the sex- 
hormones of the mother seemed to have a possible significance 

It is well known that the ovanan stimulus necessary for the original 
development of the reproductive organs is also necessary during adult 
life for the maintenance of those organs, and is therefore present dunng 
adult life It is also known that this stimulus is hormomc m nature 
Further, Lillie has shown (U) that the subjection of a female fetus to 
the hormomc influence of a male foetus results m intersexual develop- 
ment, leading, in the case of the cow, to the animal known as the “free- 
marbn.” Considering these facts it is not unreasonable to suppose that 
if the male fetuses in the normal pregnant animal were not by some 
means protected from the sex hormones of the mother aberrations of 
sexual differentiation would occur It is reasonable to infer, therefore, 
that some mechanism exists whereby the sex hormones of the mother 
are prevented from reaching the fetuses In our view it is improbable 
that cestnn is the actual hormone associated with the original develop- 
ment of the accessory sexual organs of the female, hut at the same time 
the above argument suggested very strongly that the concentration of 
oastxin in the placenta, where we are assuming it is not elaborated, might 
he the result of some protective retention on the part of the placenta In 
other words, it seemed possible that the placenta might withdraw cestnn 
from the circulation m order that the f cetuses might thereby he protected 
This new becomes more probable when it is considered that the state- 
ment that cestnn can be extracted m comparable amounts from both 
ovanes and placenta is quite misleading as regards the gross amounts 
obtainable from the two The mouse units per kilogram obtainable from 
both may be put at about the same average figure, bnt the weight of the 


* ^ n0t bmi that no ® £taI1 0311 ^ extracted from other oreans it 
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pair of ovaries of the cow is about 10 grin while the weight of the full 
time placental cotyledons of the cow is about 6000 gnn This means that 
the actual number of mouse units contained in the placenta is 600 tames 
the number obtainable from the two ovaries Hence, if the amount which 
can be obtained from the ovanes represents only 12 hours’ secretion, 
the entire ovanan output could be retamed by the placenta for 8 months, 
or nearly the entire gestation period of the cow 

If, however, the placenta merely withdraws cestrrn from the maternal 
circulation one would expect, as originally suggested by Allen, Pratt 
andDoisy, that the hormone would not actually cross the placenta, 
and that it would he concentrated in the maternal rather than in the foetal 
tissue of the organ Further, it was clear that this hypothesis could be 
tested in cases where the maternal and festal tissues could be easily 
separated for separate extraction Discoid placenta?, such as are found 
in the human subject, offer but little chance of effecting such a separation, 
hut in the cotyledonous placentae of ruminants such as the cow and sheep, 
separation and, as originally suggested by Allen, Pratt and DoisyP), 
extraction of the maternal and foetal portions of the cotyledons presents 
a comparatively simple task In actual practice the separation was 
found to be easier in the cow owing to the larger size and to the fact that 
in this animal the maternal tissues are much paler in colour than the 
foetal Gentle pulling easily brings the two sides apart Such a separation 
cannot, of course, claim to be absolutely complete, but it is undoubtedly 
sufficiently so for the purpose m view The mam part of the present paper 
consists, therefore, of comparisons of the yields of cestnn from the 
maternal and foetal sides of cow placental cotyledons In addition some 
further material is presented relating to the yields of cestnn obtainable 
from the human placenta, and to the testing of uterus tissue, ommotic 
fluid and whole foetuses for the presence of the hormone 

H Methods and Materiad 

The extracts were prepared m essentially the same manner as those 
desenbed in earlier papers, modifications being introduced only ns re 
quired by the nature of the tissue The human placentas were put into 
alcohol m the wards as soon as available in batches of one, two or three 
Owing to this method of collecting, the weights obtained were for the 
partial ly dehydrated and coagulated tissue The cow and sheep placenta 
were received frozen, and after being allowed to thaw out the cotyledons 
were cut from the uterus and membranes, separation of the fatal and 
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maternal sides being first performed m the case of tire cow The foetuses 
were minced whole, and tlie utenne tissue was freed as carefully as possible 
from placenta In the case of the ammotic fluid, of winch as much as 
6000 c c went to one extract, it was thought desirable to concentrate 
the bulk down before adding the alcohol By this means the volume of 
fluid for refluxing was kept within reasonable bounds 

In all cases the extraction was as previously outlined, the ordinary 
alcohol-ether-acetone-alcohol sequence being used Where the yield was 
considerable only a known proportion was emulsified for testing , m most 
of the cases of placentas the amount was 1/10 of the whole In all cases 
the amount to be given was injected at one time The technique of testing 
has been previously discussed and need not be referred to again A 
mouse unit is, of course, the least amount of an extract necessary to 
produce oestrus 

Since both the amount that will emulsify in a given amount of 
carbonate and also the amount of emulsion that can he injected at one 
time is stnctly limited the amount of an extract which can be injected as 
emulsion is also limited, varying in our experience from 50-100 mg This 
means that a given extract can rarely be tested down to one mouse unit 
This, however, is not a great disadvantage For instance, 500 grm of 
tissue, giving a yield of 1 5 grm , could not be tested for less than 30 mtjk 
without purification Such low yields as these, however, are rarely found 
from ovaries and placentae, and m other tissues it is possible by simple 
purification of the crude extract to test down to about IOmhk Since 
this activity is almost negligible, extracts inactive to a detectable degree 
are said to contain less than a given number of u u k (te less than the 
least number it was found possible to test for) Owing to their lesser 
content of solid matter, fluids (liquor folhcuh, ammotic fluid, etc ) are 
more readily tested for low values 


The following abbreviations are used through this paper 
o x Yield in grams per kilogram of tissue 
h u Number of mouse units 1 

m u k Mouse units per kilogram t Calculated to the 
mug Mouse units per gram yield] nearest umt 


in Extraction on whole placenta 

Sbeep The cotyledons of the uten from 7 pregnant sheep were 
extracted in 4 batches one batch containing the cotyledons from four 
nt€n lne following results were obtained 
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Table I. Yields from sheep placenta 



Weight of 

Crude 





No 

tissue 

yield 





of extraot 

grm 

grm 

Q K. 

M V 

m tr s 

Jr tr o 

J? 1 

030 (1) 

2 05 

2 20 

170 

183 

83 

P 3 

680 (I) 

168 

288 

115 

19S 

08 

P 4 

3110 (4) 

7 82 

2 52 

360 

116 

40 

P 5 

050 (I) 

I 25 

1 92 

200 

308 

160 


6270 (7) 

12 80 

2 43 

845 

161 

~gg 


The foetuses from these uten varied from 200-300 mm m length, so 
that they were probably m the 3rd and 4th months of gestation 

Cow Ten extractions of cow cotyledons are available In each case 
the foetal and maternal sides were extracted separately, but calculated 
as whole placent® the results were as follows 


Table II Yields from cow calculated as whole placenta 



Weight of 

Crude 





No of 

tissue 

yield 





extract 

grm. 

grm 

ox 

ji tr 

m tr k. 

MV O 

P 2 t 

1800 

6 47 

3 59 

346 

192 

64 

P C 

4160 

17 40 

4 19 

1373 

331 

79 

P 7 

1690 

6 65 

3 50 

1130 

711 

200 

P 16 

3280 

16 02 

4 88 

1660 

473 

97 

P 28 

1960 

10 09 

6 46 

710 

302 

00 

P 30 

360 

1 49 

4 14 

705 

2123 

614 

P 31 

2660 

12 34 

4 64 

700 

280 

02 

P 32 

1600 

0 69 

4 39 

440 

203 

07 

P 37 

2360 

8 49 

360 

616 

218 

00 

P 38 

1070 

9 78 

4 90 

610 

259 

62 

Total 

21030 

94 92 

4 39 

8098 

374 

SiT 

Average 
per uterus 

2163 

9 492 


800 8 




Human -placenta Thirty-six human placenta; have been extracted 
m 20 batches, 7 batches containing only 1, 10 batches 2 and 3 batches 
3 placenta The results are given in Table III 

For human placentas, therefore, the average weight is 424 gnn , the 
average yield 98 grm , and the average number of mouse units 122 
Comparison of yields from maternal and foetal sides of cotyledons The 
data for the yields from the maternal and fostal sides of the cow cotyle- 
dons are given m Table IV 

IV Extraction of uterus, fcetus and amniotic fduid 

Amniotic fluid Three extractions of amniotic fluid (1 cow, 2 sheep) 
were made, the original material being evaporated down under reduced 
pressure to about one-quarter of its original v olume before addition of 
alcohol As would be expected, the yields of material were \ ery small. 
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Table IH Yields from human placentT 


Ho of 

lYeight ol 
tissue 

Crude 

yield 

extract 

grm 

gnu 

P S 

460 (1) 

1 75 

P 9 

440 (1) 

1 23 

P 10 

940(2) 

1 52 

p n 

1020 (3) 

1 56 

P 12 

320 (1) 

SS 

P 13 

980 (2) 

1 13 

P 14 

900 (2) 

3 01 

P 15 

920 (2) 

1 60 

P 17 

400(1) 

1 05 

P 18 

420(1) 

137 

P 19 

760 (2) 

2 11 

P 21 

930 (2) 

173 

P 22 

520 (1) 

1 95 

P 24 

S20 (2) 

1 35 

P 25 

1150 (3) 

190 

P 26 

440(1) 

191 

P 27 

800(2) 

2 97 

P 34 

980 (2) 

244 

P 35 

10S0 (3) 

2 22 

P 36 

9S0 (2) 

178 

Total 

15260 (36) 

35 46 

Average per 

placenta 

424 

9S 


G E. 

M V 

Jltt 

MEG 

3 81 

200 

435 

114 

2 79 

250 

60S 

204 

162 

62 

66 

41 

1 53 

166 

163 

106 

2 75 

230 

719 

261 

1 15 

69 

71 

62 

335 

176 

195 

5S 

1 74 

270 

293 

175 

2 62 

125 

313 

119 

3 26 

50 

120 

36 

2 7S 

255 

336 

121 

1 86 

S3 

89 

4S 

3 75 

82 

15S 

42 

1 64 

160 

195 

118 

1 65 

4S0 

41S 

252 

434 

140 

31 S 

73 

3 71 

5S2 

72S 

196 

2-49 

277 

2S3 

115 

2 05 

500 

463 

225 

182 

245 

252 

13S 

2 32 

4402 

iiS 

124 


122 


T able IV Comparison of yields from maternal and fetal sides of cotyledons 


Wt of tissue Crude yield 



i ~ 

^ 

( K 

^ 

G 

K. 

n.u 


u tr 


JITG 


Ha 


Ha 


^ i 

1 

A 


a 



j_ 

Iso of 

ternal 

Pcctal 

ternal 

Postal 

Ha 



' 



h7~ 

' 

extract 

grm 

gem 

grm 

grm 

ternal 

Foetal 

temal Festal 

ternal Fcetal temal Foetal 

P 2 

750 

1050 

2 93 

3 54 

3 91 

3 37 

ISO 

165 

240 

157 

61 

47 

P 6 

2400 

1750 

10-30 

7 10 

4 29 

405 

486 

8S7 

203 

506 

47 

126 

P 7 

640 

950 

285 

280 

4 45 

2 94 

570 

560 

S91 

597 

200 

201 

P 10 

1820 

1460 

7 47 

8 55 

412 

5 86 

1040 

510 

572 

350 

139 

59 

P 28 

1120 

840 

6-37 

4 32 

5 69 

5-14 

590 

120 

527 

143 

93 

2S 

P 30 

200 

160 

96 

53 

480 

3 31 

640 

125 

3200 

782 

667 

236 

P 31 

1620 

1040 

740 

4 94 

4 57 

4 75 

500 

260 

SOS 

250 

6S 

63 

P 32 

480 

1020 

3 02 

3 57 

6-29 

3 50 

310 

130 

646 

127 

102 

36 

P 37 

1220 

1140 

600 

3 49 

409 

3 06 

390 

125 

319 

110 

78 

35 

P 38 

1010 

960 

6-53 

325 

6-47 

338 

260 

250 

257 

261 

40 

77 

Total 

11260 

10370 

62 83 

42-09 

4-69 

4 06 

4966 

3132 

441 

302 

94 

74 


Table Y Yields from ammotic fluid. 


Ho of extract 

Volume of 
Sold 
c c 

Field 

grm. 

G.K, 

A F 1 (sheep) 

550 

20 

363 

A F 2 (cow) 

6000 

85 

142 

A F 3 (sheep) 

500 

09 

180 

Total of 2 and 3 

6500 

~94 

~U6 


Xo activity detected 

— -A . 

In Tested down to Activity detected 
active in , * , / a 

8™ M.U.K. M.T7 31 tr K. ll.tr G 

08 <2 5 <4 5 — __ _ 

— — — 90 15 106 

~ ~ ~ 25 50 278 

— — — 115 18 125 



392 


A S PARKE S AND 0 W BELLERBY 


but in two cases it was possible to detect osstrus producing activity The 
actual results are given in Table V 

It is curious that the first of these batches of ammotic fluid, though 
giving the highest crude yield, should have no detectable activity (any 
activity it possessed being < 4 5 M u K ) while the last two should have 
comparatively good yields In the last two the m u g is high, but the ir u k 
is low in correlation with the low yields of extract The total ammotio 
fluid extracted has the following values Volume of fluid 7050 c c , yield, 
1 14 co , g k , 164, m u , 115-117 5 , h u k , 16-17, mug, 101-103 
Foetus Two extractions of whole sheep foetus have been made No 
oestrrn was detected m either of these The details are as follows 

Table YL Extracts of sheep fretns 


Amount Tested down to 


No of ex 
traotion 

of tissue 
gnu 

Yield 

grm 

O K. 

Inactive 
in grm 

! 

M V 

A 

MUK 

MVQ 

F 1 

310 

102 

3 29 

20 

<6 

<16 

<6 

F 2 

280 

83 

2 96 

21 

<4 

<14 

<4 

Total 

600 

1 86 

3 13 

— 

<0 

<15 

<5~ 


These results show that cestnn, if present at all m sheep foetuses, is 
present in very small amounts only 

Uterus Pregnant uten from 1 cow and 2 sheep have been extracted 
The results are given in Table VII 

Table VIL Extraction of ulen. 

No activity detected 
r a Activity detected 


No of extraot 

Amount 
of tissue 
grm. 

Yield grm 

, 11 > OK. 

Crude Purified (crude) 

In 

active m 
grm 

Tested down to 

M 17 MUK. 

M zr 

. * 

M VO 

mvk. (crude) 

V 1 (sheep) 

1500 

4 60 82 

3 07 

— 

— 

— 

<20 

>1 

<13 <4 3 

U 2 (cow) 

600 

93 — 

1 86 

09 

<10 

<20 


45 24 

XJ 3 (cow) 

1050 

3 10 43 

1 94 

— 

— 

— 

76 


In the case of U 1, 1/20 of the material was first injected This proved 
inactive, and the remainder was purified by freezing m methyl alcohol 
The purified product was remarkably fluid and was injected direct 
without emulsification The animal died 4 days later, but showed cestrous 
symptoms first Of the other two extracts one showed quite a pro- 
nounced activity How far this occurrence of cestnn in the utenne tissue, 
and how far the observed vanation in activity, are due to the incomplete 
removal of the cestnn-contammg cotyledons is uncertain, but it is 
difficult to suppose that the comparatively high activity of U 3 was 
solely due to retained cotyledon tissue 
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Y Discussion 

Comparison of yields with those recorded by other authors The tables 
given above show that the 42 16 kg of placenta extracted gave an 
average yield of 31 7 m u k , and that the 143 18 gnn of crude hormone 
had an average activity of 93 M u G Compared with this average the 
human placental extracts give a lower huk. (288) but are purer (mug 
124) The m.u K yield is low compared vnth those reported by Allen 
and Doisy and their collaborators The number of rat units per kilo- 
gram reported by these authors for human placenta are as follows 700, 
400 and 580 (7) , 236 and 302 ( 2 ) The exact relation between a rat unit and 
a mouse unit is uncertain, but according to Dr Doisy 1 it is at least 4 1 
In this case their yields are very considerably above our own The one 
extract of placenta made by Dodds, Dickens and Wright (6), however, 
gave only 85 rat units per kg 

Comparison of placental with ovarian yields The yields from placenta 
compare with those previously obtained by us from ovanes as follows 


Table VKL Comparison of placental and ovarian vields 


Tissue 

Amount of tissue 

Crude yield 
grm. 

G.K. 

U V 

art. 

JLTJ G 

Ovarian stroma 

4780 grm. 

le-ss 

350 

1019 

213 

60 

Liquor folliculi 

3383 (c c ) 

305 

90 

422 

125 

13S 

Whole ovary 

3120 grm. 

6 92 

2 22 

S30 

266 

120 

Placenta 

42160 grm. 

14318 

3 39 

13345 

317 

93 


Comparing these results it is seen that the g K. is, as might be ex- 
pected, lowest with Liquor folkcuk (though fax from as low as the ammotic 
fluid value) while ovanan stroma and placenta give the highest g.k., 
whole ovary occupying an intermediate position. On these figures the 
placenta gives a rather higher yield than ovary itself The punty of the 
extract is naturally greatest with liquor folkcuk, and low with ovanan 
stroma and placenta 

Specif c variation in yields from placentae The following table shows 
t e variation m the yields from the placenta of different species 


1 


Table IX. Specific variation in yield. 


Animal 

Sheep 

Covr 

Human 

Total 


Weight of tissue Crude yield 


grm. 

5270 (7) 
21630 (10) 
15260 (36) 

grm. 

12 80 

94 92 
35-46 

GX 

243 

4 39 

2 32 

SLV 

845 

809S 

4402 

iLtr.K. 

161 

374 

28S 

u.r o 

66 

85 

124 

42160 (53) 

143 18 

3 39 

13345 

317 



I #m much indebted to Dr E. A. Doisy for a private communication cm. this pomt. 
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This table shows that the yield, of “crude hormone” per kilogram of 
tissue is very much the same in the case of the sheep and the human, 
while cow placentae give a crude yield of some 80 p o more This crude 
yield is, however, nearly twice as active in the case of the human placenta 
as m the case of sheep The highest muk is given by the cow 

What these specific differences mean, if anything, is difficult to say 
The human material differs, of course, from the other m being all full 
time placentae, but as no correlation of yield with age of placenta (t e 
size) can be seen in the cow, this point is apparently unimportant 
Variation of yields from different batches of same species of placenta 
In Table X is shown the different yields from different batches 


Table X 


Nature of tissue and Range of a k 
number of batches yields 


Range oImhk Range of m u o 
yields yields 


Sheep (4) 

Cow (M ) (10) 
Cow (F ) (10) 
Human (20) 


1 92-2 88 
3 91-6 47 

2 94-5S6 
1 15-4 34 


116- 308 
203-3200 
110- 782 
66- 728 


68-160 

40-607 

28-236 

36-261 


The variation in yield of the different batches is very great, especially 
as regards the mtjk The actual range of variation in the batches of one 
species as compared with those of another species has little significance 
on account of the difference in the number of batches The material is, 
of course, not sufficiently extensive to allow of statistical treatment 
Comparison of yields from maternal and foetal sides of cow placenta 
Table XI gives the actual yields from the maternal and fcetal parte of 
cow placenta The following table gives the value of matemal/fcetal 
yield m each case 


Table XI Comparison of yields from maternal and total sides 
of cow placenta 


No 

Wt of 
tissue 
M/F 

Crude 
yield M/F 

o k M/F 

m v M/F 

MUK 

JI/F 

M U O 

M/F 

p 42 

71 

83 

1 10 

1 09 

1 53 

1 30 

P 6 

1 37 

145 

1 06 

55 

40 

1 37 

P 7 

07 

1 02 

1 51 

1 02 

1 49 

99 

P 10 

1 24 

87 

70 

2 04 

1 63 

2 36 

P 28 

1 33 

1 47 

1 11 

4 92 

3 68 

3 32 

P 30 

1 25 

1 81 

I 45 

5 12 

4 09 

2 83 

P 31 

1 66 

1 SO 

90 

1 92 

1 23 

1 28 

P 32 

47 

85 

1 80 

2 48 

5 09 

2 83 

P 37 

1 07 

143 

134 

3 12 

290 

2 23 

P 33 

1 05 

2 01 

1 01 

1 04 

OS 

52 

Total 

1 08 

7i? 

1 16 

I 59 

1 40 

1 27 
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From this table the follovrmg observations mav be made 

(а) In 7 out of the 10 eases the maternal tissue exceeds the corre- 
sponding fcetal in gross amount 

(б) In the same 7 also, the gross yield from maternal is greater than 
from foetal tissue 

(c) In all cases, except one, the gross yield in M u is greater from the 
maternal side 

(d) In 8 out of the 10 cases the n r K is greater from the maternal 
ade 

(e) The maternal extracts are more active in 7 of the cases 

The, disfn6irfion of crsfrui m reproductue tissues It remains non to 
consider nhat light is thronn by these experiments on the distribution 
of cestnn in the organs concerned in reproduction and in turn nhat 
light this distribution throns on the source of ongm 

In the first place since the above table shons that placental extracts 
have much the same order of actmtv as ovaries themselves the failure 
to obtain comparable yields from other products of conception and from 
uterrne tissue is notenorthv The actual values are compared belon 


Tabix XDL Comparison of melds from placenta nmmotie fluid, foetus and uterus 



Amount 

Crude 





Mature of 

of tissue 

meld 





tirme 

gnu. 

gun. 

c.u. 

m r 

■u.v.a 

M.V G 

Placenta 

42169 

143 IS 

3 39 

13345 

317 

93 

Uterus 

3550 

S 63 

3 40 

<105 

<29 

<12 

Amruotic 9md 




>76 

>21 

>9 

7050 

1 U 

16 

<117 

<17 

<101 

Fo»tus 




>115 

>16 

>103 

590 

1 S3 

3 13 

<9 

<15 

<5 


In addition Allen. Pratt, and DoisvP) have reported that active 
extracts can be prepared, from curetted material, chononic vesicle, 
nmbflieal cord and ammotic fluid. Human embryos of tbe 2nd, 3rd and 
■1th months G) and a pig embrvo G ) all gave negative results The strange 
position is found, therefore, that cestnn has been extracted from ovanes 
uterns and everv product of conception except the embryo and fcetus 
c conclusion does not definitely support the hvpothesxs that the 
P c ™ ia a protective absorptive function, and not one of elaboration. 

* * e 531115 nm ' 5 hovrever it is scaxcelv possible to assume that it is 
e ^ rated m die ammotic fluid, and its presence there is further evidence 
t it is not necessarflv elaborated bv the placenta because it is found 
m t - p centa In this connection it mav be urged that since the CEstrrn 
content m i e ether-acetone soluble constituents of the ammotic fluid 
M ' U ° ~ _ J ) 15 n5ad r 33 high as that of liquor foflicuh (mu g = 13S), 
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the hquor ammi may have absorbed as much as it can hold m colloid 
solution Its occurrence in other products of conception than the pla- 
centa may, in fact, indicate a necessity for extending the absorptive 
capacity of the placenta To sum up, it may be said that while the results 
recorded above ofier no conclusive proof that the placenta merely absorbs 
cestnu from the maternal system, they do increase the improbability 
that it is actually elaborated by the placenta 

VI Summary 

V 

(1) It is suggested that the presence of CBstrm in the placenta is more 
easily explained on the grounds that the placenta withdraws oestrrn from 
the maternal circulation to protect the foetuses from its action, rather 
than on the grounds that the placenta elaborates the hormone 

(2) With a view to throwing light on this hypothesis the maternal 
and foetal sides of cow placental cotyledons were extracted separately, 
but oestrrn was found to be fairly equally divided between the two 

(3) In addition active extracts have been prepared from uterine 
tissue and ammotic fluid In eaoh case two out of three extracts gave 
positive results The remaining extract of each, however, gave negative 
results 

(4) It is concluded that while these results afford no conclusive proof 
that cestrin is merely absorbed from the maternal circulation by the 
placenta, they do lessen the probability that it is elaborated by the 
placenta 

The expenses involved by the work were defrayed from a grant from the Medical 
Research Council, to whom our best thanks arc dne 
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THE NATURE OF THE VASO-DILATOR 
CONSTITUENTS OF CERTAIN TISSUE EXTRACTS 

By C H BEST, H H DALE, H W DUDLEY 

and W Y THORPE 


(From the National Institute for Medical Research, Hampstead ) 

It has long been known that simple ■watery or alcoholic extracts of various 
organs of the body produce a pronounced depressor action when injected 
intravenously, especially in the carnivora Oliver and Schafer (l) 
observed such an action with an extract of thyroid gland, Mott and 
Halliburton (?) with extracts of brain and nervous tissues, Vincent 
and SheenP) with extracts from liver, muscle and various glandular 
organs, and other observers with a wide range of organs from different 
species The suggestion that these effects were explained by the presence 
of choline m such extracts was shown to be inadequate by Vincent, 
with 0sborne(4) and Sheen(3), who found that the action was but little 
affected by administration of atropine Popielski(5) suggested that a 
common depressor agent, for which he suggested the name “vaso- 
dilatin,” was present m such tissue extracts, and a hint appeared to be 
given as to its chemical nature when Dale and Laidlaw(6) found that 
the base now generally known as “histamine'"’ produced the vascular and 
other characteristic effects of the hypothetical vaso-ddatin, when injected 
m relatively minute doses Barger and Dale(7) soon afterwards 
succeeded in isolating from an extract of intestinal mucous membrane 
sufficient of this base for chemical as well as physiological identification 
The quantity obtained, however, was small in relation to the total 
activity of this kind exhibited by the extract, and the nature of the raw 
material left it doubtful whether the hist amin e came from the liv ing cells 
of the mucous membrane, or from the intestinal contents with which they 
a been m contact For some years after this, though the correspondence 
m action, between the chief depressor constituent of various organ 
extracts and histamine, was widely recognised, the probability of their 
c emical identity seemed rather to be weakened We may mention for 
example, the observations of Stern and RothlinCS), who extracted 
rom e spleen a principle acting like histamine, but, finding that it was 
argely destroyed by heating with dilute alkali, concluded that it could 

26—2 
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not be histamine, which is stable to sncb treatment We shall show later 
tbe need for caution in drawing such conclusions, but the balance of 
evidence and of opinion seemed to be unfavourable to the identification 
until Abel and Kubota published an important paper in 1919(0), in 
which they claimed to have made probable the presence of histamine 
itself, or of some substance closely related to it, as the essential depressor 
constituent of extracts from a number of organs and tissues, and of the 
products of partial hydrolysis of pure proteins In some respects their 
evidence failed to be completely convincing From two tissues only — 
the pituitary gland and the gastro-intestinal mucous membrane — did 
they obtain pure salts, the picrate and chloroaurate, of hista min e The 
quantities so isolated were small in relation to the original depressor 
activity, the pituitary raw materia 1 was a commercial dned preparation 
of the whole gland, and the considerations above mentioned left a doubt 
as to the significance to be attributed to the presence of a small amount 
of histamine in an extract from material which included intestinal 
mucous membrane In all other cases they were unable to make the final 
purification needed for chemical recognition They showed that a 
depressor substance was present which, when dned with sodium car- 
bonate, could be extracted with hot chloroform, and which had actions 
like that of histamine on the blood-pressure and on plain muscle, but 
such evidence could do no more than make it probable that something 
having similar solubilities and similar activity to those of histamine was 
present, it would not justify a general conclusion that histamine itself 
was the mam depressor constituent of the tissues 

Our own renewed investigation of the chemical nature of the depressor 
substance has been prompted partly by a growing conviction of its 
physiological significance, and partly by recent claims made for the thera- 
peutic value of depressor constituents of the hver, in particular Papers 
by one of us (Dale) with Richards(io), LaidlawfU) and Burndbhave 
given grounds for, and indicated the trend of, the physiological specula- 
tions Another of us (Best) had taken part m experiments on the 
production and testing of the hver extracts, used in one group of the 
recent observations on their therapeutic effects Our attention was, for 
this reason, first directed to the identification of such vaso-dilator sub- 
stances, m hver extracts, as had a clearly recognisable type of immediate 
action Histamine itself, together with relatively large amounts of choline 
having been isolated from the hver extract, we extended the observations 
to another organ extract, that of lung, which exhibits a peculiarly intense 
histamme-like action 
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The results obtained with these tiro tissues seem so significant that 
it appears desirable to publish them now, leaving for future publication 
the result of the investigation of other organs It should be made quite 
clear at the outset, however, that our findings must not be assumed to 
be applicable to every case in winch the intravenous injection of an 
extract of any organ has been found to lower the systemic arterial 
pressure Evidence has long been available which forbids the attribution 
of some such effects to histamine or to choline, or to both acting together 
As Vincent and Cnrtis(i3) have recently pointed out, Vincent and 
his earlier co-workers obtained depressor effects by injecting extracts of 
bram matter into atropinised rabbits Vincent and Curtis(i3) state 
that they have again obtained such depressor effects with organ extracts 
m atropinised rabbits Since atropine annuls the action of choline, while 
the rabbit under ether or urethane is not sensitive to the vaso-dilator 
action of histamine (Dale and Laidlaw), these effects were clearly of 
another type We are not here concerned with them Our purpose has 
been to examine the nature of the substance producmg the histamine- 
like action, so widely prevalent in organ extracts, and, since we found it 
m association with the other, of that producmg the weaker, choline-like 
action The physiological experiments have been earned out by Best 
and Dale, while Dudley and Thorpe have been responsible for the 
chemical side of the investigation , but the two kinds of technique have 
been used m close co-operation at all stages 


Physiological analysis of the actiok of liver extracts 
The experiments under this heading formed the real starting-point 
of the investigation One of ns (C H B ) had been engaged m Toronto 
with D A. Scott m the preparation and testing of bver extracts for the 
therapeutic investigation above mentioned A quantity of extract was 
prepared here by a method and under conditions practically identical 
with those which were being used in the Connaught Laboratories, 
oronto The opportunity of having this preparation earned out on a 
ovre d to the British Drug Houses, Ltd , and especially to 
e endly and expert co-operation of their technical director, Mr F H 
arr, and his staff The details are given below m the chemical section 
., eTC 0n] y be mentioned that the final procedure used in purifying 
,11 Ct ’ ^ the Precipitation of the depressor constituents from 
soluta m 80 pc alcohol bj- addmg 3 volumes „{ acetone, appeared 

and chohie “'“f'" 5 ' '" M su “I> le toes ldte htstamme 

eitner of these substances, m concentrations of the order 
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indicated by the activity of the extracts, is precipitated at all from pare 
solution under these conditions 

Nevertheless a few orientating experiments soon established the faot 
that the imm ediate, depressor action exhibited by such extracts, when 
injected intravenously into the anaesthetised cat or dog, was chiefly of 
the histamine type In a cat anaesthetised with ether, by measuring the 
evanescent effects of small doses of the order of 0 01 c c , it was easy to 
balance the effects against those of small doses of the order of 0 001 mg 
of pure histamine 1 The equivalents having thus been determined in terms 
of depressor action, the solutions were then compared for their stimulant 
activity on the plain muscle of the isolated uterus of the guinea-pig 
Their activities in this direction showed a practically identical relation 

Exp 1 Cat anaesthetised with ether Vagi out Arterial pressure from carotid. In 
travenous injection. Inver extract (ur. No I) diluted 10 times compared with a solution 
of histamine containing 0 01 mg of the has© mice A number of Inals gave a final 
equivalent 

0 1m diluted liver extraot =0 12 c e histamine solution 

=0 0012 mg histamine 

1 c c I, E No 1 contains the depressor equivalent of 0-12 mg hutamxnt. 

Exps 2 and 3 Isolated uten of virgin guinea pigs. Equivalents wore obtained mdi 
eating 

7 o c of extract No 1 aTe equivalent to 1 mg histamine, 

9 o o of extract No 1 are equivalent to 1 mg histamine 

Average 8 o.c of extraot No 1 are equivalent to 1 mg. of histamine, 
or lac of extraot No* 1 is equivalent to 0 125 mg httlamtne 

A more specific test of the histamine-like nature of the action was 
afforded by the uterus of the rat, which, as Guggenheim (it) showed, 
is peculiar in the fact that the tone and rhythm of its plain muscle are 
inhibited by histamine, which must be applied m relatively large doses 
to produce any definite effect In this respect again the action of the 
liver extract corresponded with that of histamine The quantitative 
relation could not be clearly determined, and there were indications that 
the inhibitor, histamine-like action was complicated by the presence in 
the extract of something having a weak stimulant action, but the mam 
action was clearly of the histamine type 

We further tested the action of the extract by injecting it intra- 
venously into unancesthetised guinea-pigs In young gumea-pigs 
weighing about 200 grm an injection of 0 05 mg of histamine usually, 

) The preparation used for comparison was the crystalline diphosphate, sold ns Frga 
mine diphosphate” by Burroughs, Wcllcomo and Co but the solutions were made up and 
doses expressed m terms of histamine base 
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but not quite invariably, produces death, from asphyxia, due to con- 
striction of the bronchioles , 0 1 mg is an invariably fatal dose The 
lethal dose may, therefore, be placed somewfiere between these two 
limit s 0 02 mg never produces noteworthy symptoms 

Exp 4. The extract used in this experiment (i»e No 2) had been assayed on a cat 
under ether, in comparison with histamine, small doses being used, with. the TC3olt that 
the undiluted extract was calculated to be equivalent in depressor action to a histamine 
solution containing about 0 1 mg of the base per e c Five guinea pigs, weighing about 
200 grm. each, were given intravenous injections, with results as follows 
Dose Result 

(1) 0 1 mg histamine t 6 mmute3 

(2) 0 1 mg histamine t minutes 

(3) 0 8 c.c L.E No 2 t 4 minutes 

(4) 0 2c.c L.E No 2 No symptoms 

(5) 0 75 c c L.E No 2 t 4 mmutes 

The symptoms produced by histamine and the effective doses of the extract were identical 
The autopsies also showed the same picture in all the cases m which death resulted* The 
heart continued to beat for some minutes after complete cessation of respiratory and other 
movements The lungs showed the characteristic permanent distension, and there was no 
other definite abnormality to suggest that any action was produced by the extract which 
was not identical with that of histamine It will be seen, further, that the lethal effect on 
guinea pigs corresponds with what would be expected from its depressor equivalent A 
dose of extract equivalent in depressor action to 0 02 mg of histamine produce* no obvious 
symptoms, while doses equivalent to 0 075 and 0 08 mg produced asphynal death with 
approximately the same rapidity as 0 1 mg of histamine itself 

This evidence suggested that a substance acting like histamine not 
only contributed to the depressor action of the extract, as measured by 
the immediate, evanescent effect on the cat’s blood-pressnre, but was 
the predominant agent m its production No indication, indeed, 
bad thus far been obtained of the presence of any differently acting 
depressor substance A further test on this point, however, could be 
obtained by observing the action of the extract on the artificially per- 
fused blood vessels of the cat’s leg These vessels readily lose their 
vaso-dilator response to histamine under these conditions, while retaining 
there responsiveness to vaso-dilators of other types We accordingly 
earned out a senes of artificial perfusions of cats’ hind legs, with de- 
fibnnated cat’s blood, or, m some cases, with Locke’s solution containing 
gum and a small proportion (1 in 10 millions) of adrenaline The apparatus 
used for perfusion, and that for recording venous outflow and limb volume, 
were the same as those desenbed by Burn and Dale(i 2 ) In the early 
stages of the perfusion we found, as they had done, that a small dose of 
stamine, injected into the artenal cannula, produced a definite vaso- 
atation Even at this stage, however, a dose of the fiver extract, whiefi 
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had been found to produce an equal fall of arterial pressure in the 
anaesthetised cat, produced a definitely greater vaso-ddatation in the 
perfused organ, as shown both by a more pronounced acceleration of 
the venous outflow, and by a greater increase of the limb volume This 
indication of the presence in the liver extracts of some other vaso- 
dilator principle became much clearer, when the stage of the experiment 
was reached at which histamine no longer produced its vaso-dilator 
effect, but a simple relatively weak vaso-constnction m its place, the 
depressor equivalent of the liver extract still produced at each injection 
a vaso-dilatation, less pronounced, mdeed, than that which it initially 
evoked, but quite definite 

This indication of the presence in the extract of another vaso-dilator 
agent, the effect of which persisted when that of histamine had dis- 
appeared, was obtained in every perfusion experiment made on the leg 
of a cat, whether with blood or with a gum-saline solution The nature 
of this other principle became clear when we further added a small dose 
of atropine (0 2 mg ) to the perfusing blood When the vaso-dilatation, 
which atropine itself produces under such conditions, had subsided, and 
the perfusion had again become regular and the limb-volume steady, 
we again compared the action of histamine with that of a depressor 
equivalent of the liver extract They now produced identical effects of 
vaso-constnction, the additional, and previously persistent, vaso- 
dilator action of the extract had been abolished by the atropine, and the 
histamine-hke effect alone remained The probability that the other 
vaso-dilator substance was choline became very strong, and was increased 
when we found it possible to make an artificial mixture of histamine and 
choline, with which the effect of the liver extract at every stage of a 
perfusion experiment could be reproduced with great precision The 
particular sample of liver extract which we were then using was matched 
m activity by one containing 01 mg of histamine and 17 mg of choline 
' per c c 

It will be obvious that the conditions of the perfusion experiment on 
the cat’s leg, m which the capdlary-ddator effect of histamine is at best 
evanescent and always relatively weak, gave an undue prominence to 
the arteno-ddator action of the chohne-hke constituent We found, 
indeed, that the addition of chohne to a lnstamwe solution, m the pro- 
portion above indicated, made but a trifling addition to its depressor 
effect on the ana^thetised cat, though it had been so effectn e on the 
perfused vessels This contrast is readily explained, if we suppose, as a 
large body of evidence entitles us to do, that the vascular tone is strongest 
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in the small est peripheral vessels, including the capillaries, of the cat 
tinder ether while m the perfused organ the capillaries rapidly lose their 
tone so that the resistance to the flow is encountered almost entirely 
m the artenoles The effects observed on the perfused vessels had made 
it clear however, that the vaso-dilator effects of choline and histamine 
should not be amply additive The relatively weak constrictor effect of 
a small dose of histamine on the arteries is we have seen easily out- 
balanced by the vaso- dila tor effect of choline on the same vessels Even 
m the anaesthetised animal we must suppose that the dilator effect of 
histamine is the resultant of a strong peripheral dilator effect and a 
weak, less peripheral constrictor effect If choline is injected simultane- 
onslv in quantity sufficient to reverse the latter so that vaso-dilatation 
occurs throughout the whole peripheral branching the combined effect 
should he greater than a sum of the two This deduction was put to the 
test of experiment in the following way Choline in small doses up to 
about 1 mg causes no slowing or detectable weakening of the heart-beat , 
hut apparently acts on the circulation as a pure vaso-dilator Its depressor 
action is not qualitatively identical with that of histamine, the time- 
relations bang somewhat different Nevertheless it is not difficult to 
determine doses of the two substances which produce bnef falls of the 
arterial pressure to identical mmrma The 
ratio so determined varied rather widely 
roun one experiment to another, and was 
bv no means constant throughout one Ions 
with a shut m the incidence 
°f vascular tone we should, indeed, extent 
it thus to change. It was sufficiently stable 
over short periods however, for the com- 
panson we ban m view. Havirs det ermi n ed 
the doses producms nractrcallv identical 
uuurma — say, O-COl mg. of histamine and 
0~o mg oi choke e — we trreuared solutions 
contanmig mase doss m equal "obns, 
and cixffi -he - 1 n Of this nrxtnre we 
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half-doses should obviously have produced the equivalent of one whole 
dose of either constituent The observation was repeated on several 
cats, and on one dog, always with the same result Fig 1 shows a 
typical example of this potentiating effect 

So far the evidence was entirely compatible with the supposition 
that the imm ediate, evanescent, vaso-dilator effect which we were study- 
ing was due to the presence in the extract of two substances, one closely 
resembling histamine m its action, and the other as closely resembling 
cholme Smce a choline effect can be e limin ated by atropine, while the 
rabbit under the anaesthetics usually employed is not sensitive to the 
vaso-dilator action of histamine, a test on this species would give further 
evidence as to the completeness with which these two types of action 
would represent that of the extract On a rabbit anaesthetised with 
veronal, mtravenous injection of doses from 0 12 to 1 c c of the hver 
extract caused a relatively small, but regular and definite fall of arterial 
pressure 2 mg of atropine were then injected, and a test with a small 
injection of acetylcholine showed that paralysis of response to this type 
of action was complete A further injection of the hver extract, however, 
caused a smaller but still definite fall of the artenal pressure Careful 
watching of the record during its production showed that the depression 
was accompanied, and could probably be accounted for, by a pronounced 
retardation of the heart-beat As the rate returned to the normal, the 
blood-pressure returned to the original level This was not an effect of 
the type which we were investigating We found, further, that when the 
extract was purified by precipitation with basic lead acetate, it no longer 
slowed the heart-rate or lowered the blood-pressure in the atropmised 
rabbit, but produced only such a small rise of pressure as a small injection 
of histamine would produce, whereas this purification left the pronounced 
action on the artenal pressure of the cat practically unchanged Smce 
we were concerned to investigate only substances lowering the blood- 
pressure in the cat by immediate vaso-ddatation, the effects on the rabbit 
confirmed the view that we were dealing with associated effects of the 
cholme and the histamine types only 

Physiological effects of lung extracts 
As above indicated, hver extract was chosen, in the first instance, 
for investigation, on account of the practical interest attributed to it 
at the tame So far as immediate vaso-dilator effect is concerned, however, 
we found that it did not exhibit any special intensity of action ns com- 
pared with other organs On the contrary, when different extracts, made 
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by identical procedures, were compared, that from the liver was among 
tbe weaker ones in action of the type which we were studying, while that 
from tbe lung stood out above all the others so far tested, as by far the 
most active In general terms it may be said that, weight for weight, 
lung tissue yielded about 10 times as much vaso-dilator substance as 
the most active of the other tissues, and about 20 tunes as much as liver 
The work of chemical separation of the liver principles, with a view to 
their identification, was already in hand It was thought desirable, 
therefore, to apply the same processes to lung extract, so that a com- 
parison between the initial activities and the final yields of pure prin- 
ciples might eventually be made 

No such complete physiological analysis of the action was made in 
the case of lung as in that of liver It was sufficiently obvious tbat tbe 
action was predominantly of tbe bistamiue type, atropine making no 
sensible difference in tbe depressor activity of tbe whole extract, as 
determined m comparison with pure histamine on the cat under ether 
ATe found, farther, that a dose of the lung extract equivalent in depressor 
action to the fatal dose of histamine, killed the unansesthetised gumea-pig, 
wth the typical bronchial occlusion, when injected intravenously 


ISOUATIOX AXD IDEKTrFICATIOX OF CHOLESTE AXD HISTAiUXE 
FROM LTVEB AXD LTJXG 

Introduction 

The physiological evidence having indicated the presence of principles 
acting like histamine and choline, we naturally tested the possibility of 
separating tbe unknown principles by the chemical methods which are 
used for the isolation of those bases Choline, which had often been 
obtained from tissue extracts before, we expected to obtain. It was 
doubtful, on the other hand, whether histamine had ever been isolated 
m chemical pnnty from material under no suspicion of bacterial con- 
tamination, and, so far as we are aware, it had never been so obtained 
om liver or lung It will be seen that we have isolated it in relatively 
ar ge quantities, corresponding to a high proportion of the vaso-dilator 
activities of the original extracts 

Before we give the details of the procedures leading to their isolation, 
^e us cfal to mention certain points m our experience of the 
e aviotir of these bases, when present in mixtures vnth other con- 
ents of an organ extract At the successive stages of the isolation 
TTe STe met examples of their being precipitated where they ought 
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to remain dissolved, remaining in solution in the presence of reagents 
which, ought to precipitate them, failing to be extracted by solvents 
which ought to remove them, or disappearing under treatment to which 
they should be stable A few examples may be given 

(1) At the outset of our work we had before us the fact that Best 
and Scott at the Connaught Laboratories of the University of Toronto, 
m preparing the liver extract, found that substances responsible for the 
depressor action here in question were largely precipitated, from solution 
in 80 p c alcohol, by the addition of 3 volumes of acetone This pre- 
cipitate was dissolved in water to furnish the preparation used in thera- 
peutics, and this solution was the starting pomt of our own investigation 
When histamine and choline are dissolved m 80 p o alcohol, in propor- 
tions yielding a much more actively depressor solution, the solution 
remains perfectly clear when 3 volumes of acetone are added The con- 
clusion might easily be drawn that the depressor action of the precipitate 
from the liver extract is not due to either of these bodies, but the con- 
clusion would be wrong 

(2) If sodium carbonate in excess is added to a solution of histamine 
in water and the mixture evaporated to dryness, the histamine can be 
extracted almost quantitatively from the residue by hot chloroform 
This method was extensively used by Abel and Kubota(O), who 
regarded any depressor substance not so extracted as not histamine 
Koessler and Hanke(i5) showed, and we can confirm the observation, 
that from a pure solution of histamine, or one containing histidine in 
addition, the histamine can be separated by adding excess of caustic 
alkali and shaking with amyl alcohol We found that preparations, in 
which a histamine-like action had been concentrated into a small bulk 
of relatively punfied solution, failed to yield any significant amount of 
histamine to either of the above methods of extraction, and, further, 
that the proportion recognisable physiologically in the alkaline residue 
was in some instances only a small fraction of that originally present 
We were at first inclined to regard this as definite evidence that the 
depressor substance was something other than histamine, until we found 
that lnstamme itself, added m known quantity to a sample of such a 
solution, was not extracted by these methods m larger proportion than 
the natural depressor agent, and that nevertheless it disappeared to 
varying extents in the alkaline mixtures from which its extraction uns 
attempted Other methods for extracting the depressor substance had 
to be found, and when it was extracted it proved to be wholly hista- 


mine 
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(3) In connection with the exp erim ent on long (see below) it was 
found that a small, bnt appreciable amoont of depressor material escaped 
precipitation with phosphotungstic acid At first we were inclined to 
believe that this indicated the presence of active substances other than 
histamine and choline It was discovered, however, that this assumption 
was false, and that the precipitation of the histamine and choline (and 
other bases) had been incomplete owing to the large amount of sodium 
acetate in the solution 

(4) The fact that histamine added to an organ extract disappears, 
as judged by the physiological test, on boiling with alkali while pure 
histamine solutions are stable under snch conditions, was observed by 
Dale and Dndley(i6), when investigating pituitary extracts In our 
early experiments with bver extract, the apparent disappearance of 
depressor activity on boiling with alkali might have suggested that it 
could not he due to hist amin e Previous experience warned ns against 
diawmg such a conclusion, which would certainly have been wrong 

(5) Depressor activity of the histamine type has been concentrated 
m solutions which failed to give the Pauly reaction, which was strongly 
developed by equidepressor solutions of pure histamine Again we were 
Misled, until we had tested a sample of the concentrate to which hista- 
mine had been added, and again failed to obtain the colour reaction. In 
some instances a positive reaction was obtained when the diazobenzene- 
STilphomc acid was added first to the solution to be tested and the 
mixture was then made alkaline with sodium carbonate solution, whilst 
addition of sodium carbonate first and diazo-reagent last to the same 
solution had a negative result In other histamme-contanung mixtures 
this behaviour to the order in which the reagents were added was 
reversed, and finally, m other cases it was impossible to produce a 
typical Pauly reaction m solutions known to contain histamine, no matter 
m what order the reagents were used We have been surprised and im- 
pressed by the unreliability of the Pauly reaction in the presence of other 
snbstances, and are very doubtful as to the value of quantitative methods 
based on it 

The literature, dealing with the depressor substances of tissue ex- 
tracts, contains many examples of the deduction, from the apparent 
physical or chemical properties of the agent m a particular case, that it 
cannot be histamine Having been ready to draw such conclusions 
ourselves, we have become by experience ever more doubtful of their 
soundness In the case of histamine especially, and of choline in minor 
degree, when identity of physiological action has been proved tbe 
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evidence of chemical difference needs the closest scrutiny and control, 
before it can be accepted as decisive 

Methods employed for the isolation of choline 

AND HISTAMINE 

The methods which led to the successful isolation of these two sub 
stances followed the lines of those m general use for the separation of 
bases After preliminary purification with basic lead acetate, which 
occasioned only such loss of activity as was inevitable in dealing with 
bulky precipitates, the bases were precipitated as phosphotungstates, 
which contained practically the whole of the activity From this pre 
cipitate the bases were regenerated and fractionated by the silver method 
of Kossel and Kutscher Choline was isolated as the mercunchloride 
from the “lysme” fraction, and in one experiment by direct treatment 
of the neutralised solution of the bases, liberated from the phospho 
tungstate precipitate, with mercuric chlonde 

As Barger and Dale had already observed, in isolating histamine 
from ergot (17), the histanune-hke activity did not all come down in the 
“ histidine ” fraction but was spread over this and the “ argmine ” fraotion 
These two fractions were accordingly precipitated together thus a 
solution containing both bases and basic acids was ob tamed, and success 
or failure m obtaining the histamine from this depended on the degree 
to which the unwanted constituents of the mixture were removed, before 
picnc acid was applied to precipitate the histamine itself It was fre 
quently found possible to obtain further quantities of pure histamine 
picrate from mother liquors, which refused to yield more of the material 
directly, by removing the picric acid and submitting the residue to the 
process of fractionation again 

The first task was to devise a method for the separation of the bases 
from the basic acids of the “histidine-arginine” fraction As stated 
above, the properties of histamine are so modified by the presence of 
other substances, that chloroform extraction of the residue obtained by 
evaporating the solution to dryness, after adding excess of sodium 
carbonate, was unsuccessful, and the same applies to many other modi 
fications, based on the general principle of anchoring the acids as salts 
and then extracting the free bases with a solvent, in which the former are 
insoluble 

The method which proved, m our hands, most satisfactory was to 
grind up the concentrated solution with a large excess of baryta, some- 
times with the addition of a little plaster of Pans, and, after thoroughly 
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bases After pre limin ary purification with basic lead acetate, which 
occasioned only such loss of activity as was inevitable m dealing with 
bulky precipitates, the bases were precipitated as phosphotungstates, 
which contained practically the whole of the activity From this pre 
capitate the bases were regenerated and fractionated by the silver method 
of Kossel and Kutscher Choline was isolated as the mercurichlonde 
from the “lysine” fraction, and in one experiment by direct treatment 
of the neutralised solution of the bases, liberated from the phospho- 
tungstate precipitate, with mercuric chloride 

As Barger and Dale had already observed, in isolating histamine 
from ergot (17), the histamine-like activity did not all come down in the 
“ histidine ” fraction but was spread over this and the “ arginine ” fraction 
These two fractions were accordingly precipitated together thus a 
solution containing both bases and basic acids was obtained, and success 
or failure m obtaining the histamine from this depended on the degree 
to which the unwanted constituents of the mixture were removed, before 
picnc acid was apphed to precipitate the histamine itself It was fre- 
quently found possible to obtain further quantities of pure histamine 
picrate from mother liquors, which refused to yield more of the material 
directly, by removing the picnc acid and submitting the residue to the 
process of fractionation again 

The first task was to devise a method for the separation of the bases 
from the basic acids of the “histidine-arginine” fraction As stated 
above, the properties of histamine are so modified by the presence of 
other substances, that chloroform extraction of the residue obtained by 
evaporating the solution to dryness, after adding excess of sodium 
carbonate, was unsuccessful, and the same applies to many other modi- 
fications, based on the general principle of anchoring the acids as salts 
and then extracting the free bases with a solvent, in which the former are 
insoluble 

The method which proved, in our hands, most satisfactory was to 
gnnd up the concentrated solution with a large excess of baryta, some- 
tunes with the addition of a little plaster of Pans, and, after thoroughly 
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trated to 100 c c in tacwo nnd acidified with a small quantity of acetic 
acid Hot mercuric chloride solution was added until precipitation w as 
complete After filtration sodium acetate was added until no further 
precipitate formed The combined precipitates were dissoli ed in boiling 
water from which, after filtering oil a small insoluble residue, 260 grm. 
(=l<5gnn base) of pure chohne mcrcurichloridc (mp 250°) were 
obtained The identification was assured by preparing the picrate nnd 
chloroaurate from this salt The properties of these salts coincided with 
those of chohne, the picrate melted at 242-4° and the chloroaurate at 
266-9° (with decomposition) 

Analysis of chloroaurate 0 1938 grm gave 0 0855 grm Au 
Au found 44 12 pc 

Au calculated for C s H u OIS:, AuCl 4 44 47 p c > 


Lung extract 

Bistamine 10 kg fresh ox lung were minced and extracted with 
o as described for liver The acetone precipitation was omitted 
ke extract was concentrated tn vacuo to a small bulk, shaken out with 
e er to remove fat and finally reduced m vacuo to a volume of 2 1 It 
was then purified and fractionated in the same manner ns the liver 

The physiological activity of the “histidine-nrgimne” fraction corre- 
“Pon ed to that of 400 mg histamine Alcoholic extraction of the baryta- 
Fm e l maimal recov ered activity equivalent to 300 mg histamine 
^ 8 extract 1 288 grm pure histamine picrate was obtained, and 

A 8 tiie mass m 4116 SoxUet thimble and re-extracting with 
la all fs f ler qUailtlty of 0 146 S™ histamine dipicrate was obtained 
was obtained^ 1 ^ ^ **** iustenmie derate (= 287 mg base) 

Analym 0 0406 grm picrate gave 0 0773 grm nitron picrate 
Rcnc acid found SO 58 p c 

The J™ calculated for CyH^ (C 6 H 3 0 7 N 3 ) 2 80 48 p c 
4»cra cVemfr e ^ recryst ^3at:on of the histamine 

sodium cXiate d ? ^ addmg a lar § e 6X0633 of 

amount T ’ and extracted with hot chloroform A small 
to Z t T 1 8ubsteQce was extracted, but it was not po “bie 

puate (J mTZttZ t? J 0116 i™ «f<.aoa-dep raS or 

«s methylguamd^g pi0Kte ' & ° m he eStroct ' whcl “ ™> ideaMed 

wh nxn 
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Histamine The precipitate was suspended in dilute sulphuric acid, 
a sufficient quantity being taken to render the liquid just acid to Congo 
red HoS was then passed through the liquid which, after removal of 
silver sulphide and barium sulphate by filtration, was neutralised with 
baryta and concentrated in vacuo to 25 c c It gave a strong Pauly 
reaction, and, tested physiologically, contained depressor activity 
equivalent to 240 mg of histamine 

25 grm crystalline banum hydroxide were added to the solution, 
the mass was ground up and then thoroughly dried m a vacuum desiccator 
over sulphuric acid It was then ground to a fine powder and extracted 
for 3 hours with absolute alcohol in a Soxhlet apparatus The extract 
was diluted with water and neutralised with sulphuric acid, some baryta 
had been extracted and this was precipitated as sulphate After removing 
the alcohol m vacuo the banum sulphate was filtered oil Physiological 
assay of the solution showed that it contained depressor activity equi- 
valent to 76 mg histamine The residue m the thimble had formed a hard 
non-porous mass It was therefore ground up afresh with a little plaster 
of Pans and agam extracted, this procedure was repeated three times 
The combined extracts then displayed physiological activity correspond- 
ing to 122 mg histamine They were concentrated in vacuo to 25 c c and 
treated with sodium picrate 608 mg of a crystalline picrate were 
obtained (m p with decomposition, 220°) After reciystalbsmg twice 
from water 431 mg of pure histamine dipicrate (= 86 mg base) were 
obtained (m p with decomposition, 241°) It was identified by analysis 
and companson with a specimen of histamine dipicrate, mixed melting 
point determinations showed no depression, whilst crystalline form and 
physiological activity were identical 

Analysis 0 0410 grm picrate gave 0 0779 grm nitron picrate 
Picnc acid found 80 41 p c 

Picnc acid calculated for C^HpNg ( II3 0 7 Ng ) o 80 48 p c 
No attempt was made to procure the maximum possible yield of pure 
histamine dipicrate from this batch by reworking the mother liquors 
In another experiment, which is summarised in the Table on p 412, the 
amount of histamine dipicrate actually isolated was increased by slightly 
more than 35 p c by exhaustive treatment of the residues 

Chohnc From the “lysine” fraction (1 e the filtrate from the 
precipitation with silver nitrate and baryta) silver and banum were 
removed m the usual manner and the bases reprecipitated as phospbo- 
tungstates The precipitate was decomposed with baiyta in the cold, 
excess Ba removed as sulphate and the neutral liquid was then concen- 
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It is obvious therefore that the factor by urhieh the result of the actual 
test must be multiplied is very large, and it is unreasonable to expect 
a high degree of accuracy A comparison of the figures under “basic lead 
acetate” and “ phosphotungstic acid,” therefore, merely indicates that 
the histamine- like activity is quantitatn ely precipitable by the latter 
reagent, and recoverable without appreciable loss from the precipitate 
Throughout the fractionations all final mother liquors and discarded 
precipitates were tested phvsiologicallv, and in no instance was anv 
evidence obtained which indicated the presence of any depressor sub- 
stances other than hista min e and choline 

It is interesting to note that, in the experiment with 66 kg ox liver, 
the proportions of choline and histamine actually isolated in chemically 
pure condition are very close to the ratio (17 mg choline to 0 1 mg 
histamine) determined by physiological assay of the extract by Best and 
Dale before the chemical investigation was commenced It appears 
therefore that the proportional loss invol\ ed in the method of fractiona- 
tion is approximately the same in the case of each base 

An outstanding quantitative fact, which has been revealed by this 
investigation, is the very high content of histamine in lung as compared 
^lth that in liver, and in other tissues on which work is proceeding It 
^ be seen that, averaging the above figures, 1 58 mg pure histamine 
has been isolated per kg of liver, whilst 27 61 mg were obtained per kg 
°f lung There is a reasonably good correspondence between the physio- 
logical observations on the relative depressor effects of the original 
ex tracts from the two tissues and the yields of histamine obtained from 
them by chemical fractionation. 


Discussion 

It is desirable, perhaps, still further to emphasise the limitations of 
°ur problem We were not directly concerned with the question whether 
^tracts prepared from liver, or other organs, produce a lowering of 
pathologically high blood-pressure, delayed m onset and long continued 
111 effect We were concerned with the immediate and evanescent de- 
pressor effects shown by such extracts, when injected intravenously into 
a cat or dog We were aware, indeed, that this immediate action was m 
" SC f " or hhe assay of one type of liver extract, and had appeared to give 
an index of its activity m producing a prolonged therapeutic action If 
, 6 ^tence of this latter should he established by others, it may become 
esirable to consider whether it may be due to the slow liberation of 
amine from association with the more complex constituents of a crude 
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Two curious and unexpected facts were encountered m the investiga- 
tion of the lung extract The lysine fraction contained no substances 
precipitable in the usual way by phosphotungstic acid and the filtrate 
from the first precipitation of the bases as phosphotungstates, when 
tested physiologically, contained depressor material of activity equi- 
valent to 40 mg histamine 

As no such quantity had escaped precipitation in any of the previous 
experiments on lung and liver extracts the matter was investigated It 
was found that the large amount of sodium acetate 1 m the solution was 
responsible for the failure of phosphotungstic a cid to precipitate completely 
the histamine and other bases present, for, after most of this salt had been 
removed and the remainder converted into sulphate, the addition of 
phosphotungstic acid produced a copious precipitate from which choline 
was isolated and a mixture of the picrates of histamine and creatinine 
obtained Methylguamdine too was isolated from this precipitate in 
considerable quantity as the picrate No doubt remained, therefore, that 
the depressor activity which at first had escaped precipitation by phos- 
photungstio acid was, in fact, due to choline and histamine 

Appended is a table showing the physiological assays at each stage 
in the separation of histamine, in the two experiments given m detail 
above, and in two others conducted on similar lines In the experiment 
with 72 kg of ox liver, 97 mg histamine (as dipicrate) were isolated 
directly By reworking the residues a further quantity of 178 mg 
histamine dipicrate (= 36 mg histamine) were recovered 

The activities are expressed as milligrams of histamine 


Ox liver (66 kg ) 
Ox liver (72 kg ) 
Ox lung (500 grm ) 
Ox lung (10 kg ) 


Tabu: 




Phospho 



Parc histamine 

Oncinal Basic lead tungBtic 

Silver 

.Alkaline 

(isolated os 

extraot 

acetate 

acid 

£wotion extraction 

dipicrate) 



260 

320 

240 

122 

80 

390 

195(1) 

230 

204 

140 

133 

22 

17 

10 

12 6 

10 

3 2 

760 

630 

460 

400 

300 

287 


It will be observed that in the experiments with liver extracts the 
physiological evaluation of the amounts of histamine obtained after 
decomposition of the phosphotungstates is somewhat higher than that 
after the previous stage of the fractionation The physiological assay is 
based on the comparison of very small volumes (0 003-0 03 c c ) of the 
solutions m question with amounts of histamine of the order of 0 003 mg 

i Most of tho a odium sras introduced by using a solution of sodium phosphotungstoto 
m 5 % H.SO* for the precipitation of tbo bases 
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■would probably have shown no higher proportion to the quantity added 
than the histamine which wo actually isolated boro to the naturally 
occurring depressor agent When it is also remembered that choline 
made some contribution to the “ histamine equn alent ” determined m the 
ember stages of the purification, and that it would increase the apparent 
amount of “histamine” to a degree out of proportion to its own separate 
activity, we think we may fairly claim to have established a strong 
probability that the whole of the histarmne-hkc activity of the lung 
extract is due to histamine itself 

In the case of the liver extract, the isolation of histamine was rendered 
more difficult by the fact that it was present in much smaller proportion, 
m a solution contaimng a much larger quantity of inactive constituents 
It is, further, not without significance that the chemical work on the lung 
extract was earned out later, and therefore with the aid of additional 
experience We have little doubt that we could now isolate a larger 
proportion of the histamine-like constituent of liver extract as histamine 
itself Although, therefore, the actual quantity isolated was somewhat 
less m proportion to the physiological equivalent originally determined 
than in the case of the lung extract, we think it probable that in the liver 
extract also, the histamine-like activity was due to the presence of 
famine itself The position is very similar m the case of choline We 
not follow it so systematically by physiological assay through the 
different stages Since, however, the proportion between the quantities 
°f choline and histamine finally isolated was roughly the same as the 
proportion determined from the physiological activities of the original 
extract, the loss was evidently of the same order in the two cases We 
find no good reason for supposing that the excess of the chohne-hke 
action ongmally present, over that of the choline isolated in chemical 
punty, was due to any other substance than choline itself 

(2) It is of interest to enquire whether the bases are present in the 
issues as such, or separated from some combination in the process of 
extraction The problem in the case of choline is no new one Choline 
fias previously been obtained from many tissues, and much has been 
written m support of, or in opposition to, its claims to be the depressor 
substance present in such extracts The much greater activity of 
stannne gives a proportionately greater interest to the question of 
tis presence as such m the tissues The method of extraction which we 
ave used is of the simplest possible kind The perfectly fresh tissue 
s been disintegrated as rapidly as possible and extracted immediately 
alcohol. Some small-scale experiments, in which only a 
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tissue extract — a possibility not incompatible with some of our own 
observations on the curious behaviour of that base We axe not, however, 
here concerned with such possibilities Further, it was no part of our 
purpose to account for all the falls of arterial blood-pressure which have 
been described as following the injection of various crude extracts and 
suspensions — effects m some of which mtravasoular precipitation, fibnn 
formation, agglutination of corpuscles, or endothelial injury might con- 
ceivably be concerned Our object was to discover the nature of the 
depressor substances which occur in extracts from practically all tissues, 
are soluble in water and strong alcohol, and produce an effect m which 
a predominantly histamine-like action can be recognised At the present 
stage our evidence is further limited to extracts of liver and lung In the 
case of the liver extracts used by us, in the first instance, and later in that 
of the lung extract, though there to a much smaller degree, we found 
that the histamine-like depressor effect was complicated and reinforced 
by a choline-like action In neither case did we detect any important 
depressor action which did not correspond to one of these From these 
extracts we have isolated histamine and chokne m quantities sufficient 
for complete chemical identification. A senes of questions arises with 
regard to this identification, some of which can be met on the evidence 
before us, while some suggest problems rather for further investigation 
(1) We must consider whether the quantities of pure bases isolated 
warrant the supposition that the whole of the effect which we were 
studying was accounted for by their presence In the case of the lung 
extract we consider that the figures which we have given render such a 
supposition reasonable It is true that the original estimate, on the crude 
extract, indicated the presence of a physiological equivalent of 750 mg 
of histamine, and that slightly less than 300 mg of that base were finally 
isolated as the pure dipicrate It will be seen, however, that there was 
no exceptional loss at any one stage of the long process of purification, 
such as to indicate that any part of the activity was due to much more 
complex substances When we tested the purification by basic lead, or 
the precipitation by phosphotungstic acid or by silver, on a small scale, 
there was no indication of any definite loss, the activity was whollym 
the filtrate, or wholly in the precipitate On the large scale the mere 
bulk of the materials and the physical properties of some of the pre- 
cipitates made quantitative recovery a practical impossibility, and wc 
did not, in fact, expect to obtain it We were left with the clear impression 
that, if we had actually added histamine to a large bulk of such an 
extract, and attempted to isolate it by the same procedure, the yield 
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tissues, and, in the case of the lung especially, a surprisingly abundant 
one These facts seem to justify the expectation that this potent base 
will he found widely distributed m the tissues, and to reinforce the 
suggestion that it must have some important function m the control 
and adjustment of the circulation through the small blood vessels 

SUMMAR\ 

Histamine and chobne hat e been isolated from alcoholic extracts of 
fresh liver and lung, in quantities sufficient to account for the immediate 
vaso dilator activities of those extracts Histamine is responsible for 
the greater part of this activity, and is present in remarkably large 
amount in the extract from lung The physiological significance of its 
occurrence is discussed 
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physiological estimate has been made, have been earned out with even 
greater care The chest of a living animal was opened under antesthesia, 
a long was removed, dropped straight into alcohol cooled with solid 
C0 3 , and thus frozen i mm ediately, it was then min ced while frozen 
and returned to the cold alcohol. The extract thus obtained showed a 
histamine-hke activity of the same order as that obtained without these 
extreme precautions, and as great as that of a similar extract made from 
the corresponding lung, removed an hour after the animal’s death 
There is good reason, therefore, to believe that the histamine is present 
as such, at least as soon as the cells are killed by contact with the ex- 
tracting alcohol. The evidence, indeed, of its presence in the cells during 
life may be said to be as good as that of the presence of lactic acid m a 
living muscle, or even rather better, since we have found no evidence 
that the proportion of free histamine increases in the period immediately 
following the death of the animal 

(3) Histamine being either present as such in the living cell, or re- 
leased therefrom at the moment of death, questions of great interest 
arise as to the manner m which it is held by the protoplasm during life, 
and prevented from producing its intense physiological action It may 
be there only potentially, in the form of some inactive precursor On the 
other hand, it is conceivable that histamine is present as such in the cell 
intenor, being prevented from leaving it so long as the cell membrane 
is physiologically intact, and that it produces its aotion only if some 
stimulus or injury causes its escape into the extra-cellular fluids On 
these points we have no evidence, and it may be very difficult to obtain it 

(4) The presence of so much histamine in a tissue, as can be extracted 
from the lung, can hardly he without physiological significance 100 grm 
of lung tissue — say, the lungs of a dog— may be expected to contain as 
much as 7 or 8 mg of the base— a quantity which, if suddenly released 
into the circulation of the animal, would hare a profound, shock-hke 
action Merely to mention two possibilities, which can only be con- 
sidered in the light of further and more direct evidence, it is conceivable 
either that the lung acts as an organ of internal secretion with respect 
to histamine, or, on the other hand, that it merely captures lustamme 
which has escaped into the venous blood from more vigorously metabolic 
tissues, and holds it pending its final disposal In the latter case the 
blood would not only be oxygenated, but also physiologically purified, 
during its passage through the lung 

Here, however, we are merely concerned with the demonstration of 
the fact that histamme itself is the mam depressor constituent of certain 
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Changes in the pituitary after section of the right vagus 

Bv E C Eaves and G A Clapk {Preliminary communication ) 

One of ns (G A C ) in a paper now in the press lias suggested tlie 
po^bflitv of tonic inhibitory fibres in the nght \ agus to the islets of 
Langerhans 

In examining the pituitarv glands from rabbits at \ arving times after 
section of the nght \agus we were struck bi the large size of the glands 
u manv cases, and were led to investigate the histological appearances 
p to the present the appearances found have not been compared with 
f ose of stnet control animals, but the difference between the pituitarv 
er vagotomv aud that m normal rabbits is so striking and suggestive 
t at ire thought it worthv of descnption 

One of us (E C E ) had previouslv found changes in size and lusto- 
ogical structure of the pituitarv after insulin injections (A descnption 
given in the Proceedings of (he Physiological Society in this number ) 
ere is a smulanty between the appearances seen m the pituitanes 
e insulin-injected rabbits and those of the vagotomv rabbits 
Kith th^ 6 mtermecb a the cells seem large and blurred compared 
mass f 0S6 ^ norma ^ P ltuitarv i and they sometimes merge into a 
0 secretion It is not possible at present to indicate differences 

aft Ilf 315 lntermecba at different stages after vagotomy A few weeks 
Phfii a P® ratl011 lEe cells of the pars antenor exhibit mcreased eosino- 
after a ° eCOme IaT S e and confluent At a later penod— 21 weeks 
cells °1° 6 eosulo pBdia is confined to patches of hypertrophied 
jjj tJle ° are Ter Y coarsely granular Many of these show vacuoles 
are va^^T °I Surroim<lln g ^ese groups of hypertrophied eosinophils 
kvnertrZn j ciiromo P hobe cells The appearance is suggestive of the 

converted e ,° Sm °P hils ^charging their secretion and becoming 
erted into chxomopbobe cells S 

the hlstolo e lcai cba nges axe brought about by 

^removed ffLS 11ClX 1 WOnld 0CCUr * the t0IUC mi,bltor - v influence 

^ m the islets of Langerhans by section of the vagus) 

oI ^ research have been defraved bv a grant from the Medical Research 
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Changes in the pituitary after section of the right vagus 

ByE C Eaves and G A Clark (Preliminary communication ) 

One ot us (6 A C ) m a paper now m the press has suggested the 
possibility of tonic inhibitory fibres in the right \ agus to the islets of 
Langerhaus 

In examining the pituitary glands from rabbits at \ arving times after 
section of the right vagus we were struck bv the large size of the glands 
m many cases, and were led to investigate the histological appearances 
Up to the present the appearances found liar e not been compared with 
those of strict control animals, but the difference between the pituitary 
after vagotomy and that in normal rabbits is so striking and suggestn e 
that we thought it worthy of description 

One of us (E C E ) had previously found changes w size and histo- 
logical structure of the pituitary after insulin injections (A description 
is given in the Proceedings of the Physiological Society in this number ) 
There is a similarity between the appearances seen m the pitwtanes 
of the insulin-injected rabbits and those of the vagotomy rabbits 

In the pars intermedia the cells seem large and blurred compared 
mth those in the normal pituitary, and they sometimes merge into a 
mass of secretion It is not possible at present to indicate differences 
m hhe pars intermedia at different stages after vagotomy A few weeks 
after this operation the cells of the pars anterior exhibit increased eosino- 
phiha and become large and confluent At a later period — 21 weeks 
after vagotomy — the eosmophiha is confined to patches of hypertrophied 
cells which are very coarsely granular Many of these show vacuoles 
m their interior Surrounding these groups of hypertrophied eosinophils 
are vacuolated chromophobe cells The appearance is suggestive of the 
hypertrophied eosinophils discharging their secretion and becoming 
converted into chromophobe cells 

It seems possible that the histological changes are brought about by 
increased insulin (winch would occnr if the tome inhibitory influence 
was removed from the islets of Langerhaus by section of the Vagus) 

The expenses oi tins research have been defrayed by a grant from the 3Ied 1 cal Research 



n PROCEEDINGS OF TEE PHYSIOLOGICAL 

The effect of pituitrin on blood sugar By C D Tingle and 

C G IiERiE {Preliminary Communication ) 

In a case of diabetes insipidus wnth rigidity following epidemic 
encephalitis, the effect of pituitnn on the blood sugar was studied at 
half-hour intervals, under the following conditions 

(1) On three occasions 0 5 c c pituitnn was given subcutaneously 
The results of half-hourly estimations of blood sugar are shown in 
P 1 to P 3 


PI 

P 2 

P 3 

G 1 

G2 

G 3 

083 

075 

085 

089 

085 

085 

215 

187 

190 

131 

147 

134 

124 

117 

114 

102 

106 

086 

102 

088 

090 

092 

085 

070 

083 

076 

070 

072 

066 

078 

— 

— 

084 

077 

— 

— 


For companson with these, the effect of 50 grm glucose given to 
the same subject on three different occasions, is shown m G 1 to G 3 
It is to be noted that 

(a) >the effect of 0 5 c c pituitnn is greater than that of 50 grm of 
glucose, 

(b) the fasting level of the blood sugar in this patient is below the 

average and the effect of glucose decidedly so 

Also for the sake of companson with these figures, the following 
results of the injection of 0 5 c c pituitnn into each of three other 
subjects, the first two of them normal, the third a case of post-ence- 
phalitic ngidity who gave a normal response to glucose, are here given 


(i) (2) (31 

101 092 095 

174 18G 172 

114 091 118 

086 085 085 

068 081 071 

081 096 09 I 

(2) On three occasions 0 5 c c pituitnn and 50 grm glucose were 
given simultaneously 

081 081 080 

134 124 129 

213 228 223 

168 HO 161 

079 096 076 

006 079 — 


In the first half-hour the blood sugar rises less than with pituitnn 
alone and no more than with glucose alone, in the second half-hour a 
much larger nse occurs, which is similar to that given in the first half 
hour by pituitnn alone There is no direct summation of the two effects 
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(3) If 0 5 c c pituitnn is given half an liour after 50 grm glucose, 
an effect is obtained which is almost tlie same as m (2), when they are 


given simultaneously 

ooo oso 

134 l-'> 

202 209 

130 U3 

093 — 

075 0S7 

056 — 

(1) On the other hand when 0 5 c c pituitnn was followed half nn 
hour later by 50 grm glucose, the result on two occasions was 

057 077 

109 170 

217 205 

101 14S 

0S5 091 

05S 073 

06S 090 


Here when pituitnn acts for half an hour before glucose, the pituitnn 
effect comes on at once and the glucose eSect is superndded afterwards 
These observations suggested that when the blood sugar is raised 
the effect of pituitnn is delayed until it begins to fall This suggested 
the study of the eSect of pituitnn in the hyperglycaemin of diabetes 
meUitus The results of injecting 0 5 c c pituitnn in three diabetic 
subjects are given 


193 

201 

313 

195 

199 

239 

103 

155 

267 

135 

164 

304 

167 

177 

312 

193 

199 

— 


In each instance a lowenng of the blood sugar occurred In the first 
two with blood sugar about 0 2 p c , the fall did not take place till the 
second half-hour, in the third with blood sugar 0 313 p c , it occurred 
m the first half-hour At no tune did it nse as m normal subjects 

The lowenng of the blood sugar m these patients is remarkable, as 
they were diabetic, the production of insulin was defective 


The action of insulin on liver diastase By W Smith 

Langfeldt, using liver diastase working vn a phosphate buffer, found 
that the optimum p B was 6 23 He stated that this was shifted to the 
alkaline side p H 7 73 by the action of adrenaline Since adrenaline and 
insulin are m some respects antagonistic it seemed of interest to study 
the action of the enzyme m this case " 



IV 


PROCEEDINGS OF THE PHYSIOLOGICAL 


The diastase was prepared according to the method of Wiechowski. 
The optimum was found to he p s 6 8 This value was also obtained from 
pancreatic diastase prepared from the sheep , that from the ox being a 
little more acid, p H 6 5 Experiments did not show any marked shift 
when adrenaline was added m the concentrations used by Langfeldt* 
This was tried several tunes with different samples of commercial 
adrenaline hydrochloride 

The earlier experiments with insulin showed a marked inhibition of 
the diastatic action, but no change m the optimum reaction This in- 
hibition was constant, using the same sample of insulin When other 
samples were used the effect noted was either, not so marked, or, entirely 
absent It seems probable that this is due to another substance being 
present causing the inhibition In this connection one may refer to the 
action of insulin on the hemoglobin concentration of rabbits, which was 
found to be due to some other factor One is forced to conclude that 
insulin does not inhibit liver diastase, but that if inhibition takes place, 
it is due to the presence of another factor As a rule it was found that 
"crude” insulin (the fraction precipitated by 93% alcohol in the Collip 
preparation) does contain this inhibitor 


The nitrogenous metabolism in post-encephalitic rigidity 

By M Hirst and C G Imme ( Preliminary Communication ) 


It has been suggested (i) that the low rate of unc acid excretion at 
night and the high rate m the forenoon are related to varying degrees 
of activity of muscular tone It seemed possible that additional evidence 
for this hypothesis might be furnished by a study of the excretion of 
uric acid m subjects exhibiting marked rigidity following epidemic ence- 
phalitis The subjects were put on a diet free from nueleo-protein and 
creatme for six days or more before the analyses were begun Unne 
was collected at 7 a m , noon, and at 6 and 9pm daily Unc acid was 


estimated by Folin Shaffer’s 


The following table shows 

No of 7 a.m. to 

Name 

days 

noon 

E L. K (normal) 

21 

23 3 

Herd 

8 

21 45 

Wilkins 

10 

22 75 

Noirton 

5 

22 3 

Hendoraon 

3 

27 1 

Fern 

8 

16 3 


Wilkins (rigid) has the sai 
ELK (normal) (i) Newton 


method 

le results for unc acid in mg per hour 


Noon to 

5 to 

9pm to 

Total for 

5pm 

9 pm. 

7am 

24 hours 

20 7 

106 

12 8 

429 

10 76 

14 1 

12 6 

392 8 

20 2 

16 3 

12 0 

400 0 

19 9 

10 1 

78 

352 

18 7 

19 6 

16 8 

475 2 

13 0 

12 0 

7 9 

200 


diurnal tide as Herd (not ngid) and 
□ud) is similar but that the output at 
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night is only 35 p c of the morning output ns compared with 53 p c 
in the normal Henderson (very rigid) shows n relatively high output 
at night (62 p c of the morning output), and a high total output Fern 
(ngid, female) excretes at- night- 52 p c of the amount excreted in the 
morning, and shows no considerable difference from the normal figures 
For comparison with these results, similar analyses were carried out 
■while two of the subjects were treated with hyosciue In hoth these 
cases voluntary movements were facilitated as a result of tins treatment 
though the condition did not become normal 



Xo of 

7 tvm to 

Xoon to 

5 to 

0 p m to 

Total for 

Xame 

days 

noon 

5pm 

9pm 

7 a.m 

24 hours 

Henderson 

3 

27 l 

lb 7 

19 G 

1GS 

475 2 

After hyoscine for 3 dues 

3 

2G-1 

27 7 

21 G 

19 G 

552 

After hyoseme for 5 weeks 
Wilkins 

6 

20 0 

17 S 

13 

13 

37G 

Before hyoscine 

10 

22 75 

20 2 

1G-G 

12 S 

401 

Owing hyoscine for 7 dayB 

7 

20 G 

H 6 

21 2 

11 1 

395 


The effect of hyoscine on Henderson was to dimmish the output of 
unc acid, the daily output falling about 20 p c , m the first three days 
the output rose about 20 p c , after this short rise the fall was main- 
tained till the end of the investigation (6 weeks) It is true that during 
the time when his output was low, his diet contained less nitrogen than 
during the tune when it was high But this change m the nitrogen 
intake, though it would tend to diminish the absolute amount of unc 
acid excreted, would cause the relative amount (unc acid mtrogen/total 
nitrogen pc) to increased) The fall of unc acid output following 
hyoscine treatment in this patient was sufficient to efface such a relative 
increase 

On Wilkins, the effect of hyoscine was not to alter the daily output 
but to alter the time of day at which the unc acid was excreted This 
subject slept daily for four hours after the hyoscine (between 12 and 5) 
and during this penod of the day the unc acid output was conspicuously 
dununshed, rising again in the penod from 5 to 9 p m Henderson never 
slept during the daytime m the course of the experiments 

Evidence exists for a connection between muscular functions and 
the output of creatinine and creatine, e g (3), (4}, (5) The creatinine 
excretion was determined by Folm’s method at the same time as the 
unc acid This seems to present no features differing from those observed 
in normal subjects, the daily output ranging between 1 3 and 1 5 grm 
in the male cases and 0 88 grm in the female case 

Creatine estimations however were also earned out Herd who was 
not rigid was found, like normal subjects, to excrete none at all The 
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four subjects 'who exhibited rigidity all excreted creatine as well as 
creatinine The figures for the different periods of the day, as well as 
for the 24 hours, are shown m the following table 


Name 

No of 
days 

7 a m to 
noon 

Noon to 
6pm 

5 to 
9pm 

9pm to 

7 a m 

Total for 
24 hours 

Herd 

S 

0 

0 

0 

0 

0 

Wilkins 

10 

46 

63 

3 2 

1 9 

80 4 

Newton 

5 

29 

3 9 

3 8 

0 

60 

Henderson 

3 

6 

4 9 

0 0 

3 1 

107 

Porn 

S 

12 

92 

10 2 

69 

215 


As a result of this investigation it appears 

(1) With regard to uric acid, that while m Henderson the output 
was high and was notably reduced by hyoscine and in Wilkuis it was 
reduced during the sleep brought on by hyoscine, no close and constant 
relationship between this type of rigidity and uric acid excretion has 
been established 

(2) That m addition to the normal output of creatinine, a degree of 
creatinuna has been found in all the four cases examined 

(1) Cathoart, Konnnway and Leathes Quarterly Journal of Medicine, 1 No 4, 

p 416 1908 

(2) Folin Amer Joum. of Physiol 13 p 66 1905 

(3) Pokelharing and van Hoogenhuyzo Z physiol Chem 49 p 395 1910 

(4) Powis and Raper Bio chem Joum 10 p 363 1916 

(6) TJyeno and Mitauda Joum of Physiol 67 No 6 p 313 1923 


A note on the action of alcohol on the perftised isolated 
rabbit heart By M H MacKeith 

In the course of a senes of experiments undertaken with another object 
in view, it was found that vanation of the temperature of the perfusing 
fluid mo difi ed considerably the effect of Alcohol m lowering the contrac- 
tion-height In all cases, the effect was most marked in the neighbourhood 
of 40° C , and decreased with fall of temperature as long as the heart 
continued to beat regularly (t e down to about 15° C ) It is worthy of 
note that a heart, which had been stopped in diastole by perfusion with 
1 200 Alcohol at 40° C , could be restored to a regular and powerful beat 
by continued perfusion with the same strength of Alcohol, if the tempera- 
ture of the perfusion fluid were lowered to 20° C , and that, if the temper- 
ature were then raised again, the heart would continue to beat, though 
with some diminution of amplitude, until the temperature again reached 
the vicinity of 40° C , when sudden arrest occurred In the presence of 
Alcohol, the heart-rate was affected by changes of temperature in the usual 
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way, i e the rate increased pan passu with rise of temperature, except 
when, at the higher temperatures, definite disorders of conduction 
appeared 

Although, by lowering the temperature to the vicinity of 20° C , the 
depressant action of Alcohol could be almost, if not entirely, abolished, 
in no case was definite evidence of a stimulant action of Alcohol on the 
isolated heart observed The aboie influence of temperature was mani- 
fested at all concentrations from 1 30 to 1 1230, after varying times of 
previous perfusion, and in the absence of glucose from the perfusing fluid, 
as iv ell as in its presence It is also worthy of note that the tolerance of 
Alcohol varied very widely from one individual heart to another 


Changes in the pituitary after repeated injections of insulin 

By Elizabeth C Eaves (Preliminary communication ) 

The original object of this investigation was to ascertain whether a 
condition resembling hypopituitarism could be produced in rabbits by 
repeated injections of insulin This was suggested by the appearance 
presented by young patients treated for diabetes with insulin being 
somewhat similar to that in dystrophia adiposo genitalis This is notice- 
able in the photographs of children treated by GeyelinCM and has been 
commented on by Allen and Sherrill (?) 

Young rabbits were given four to five injections per week of insulin, 
the dose varying from 2 to 6 units, and were thus treated for periods 
varying from 8 days to 8 weeks They were then killed, the ductless 
glands weighed and compared with those of normal annuals of the same 
age 

In an adult animal the size of the pituitary was found to be inde- 
pendent of body weight within certain limits A more important factor 
was the size of the thyroid, the pituitary being usually large when the 
thyroid was small and race versa 

In 14 normal rabbits the average weight of the pituitary was found 
to be 21 8 mg — the variations being from 18 to 26 mg In five msuhn- 
mjecfced rabbits the average weight of the pituitary was 30 4 mg , the 
variations being from 23 to 36 mg Histological examination indicated 
that the pituitanes were m a hyper-active condition compared to those 
from normal animals— changes being observedbotb m the pars intermedia 
and pars anterior In the pars intermedia there was an enlargement 
and blurring of the cells, which sometimes merged into a mass of secre- 
tion In the pars anterior the number of eosinophils appeared increased, 
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the cells were larger than normal and confluent The latter changes were 
most evident in a nim als which had had numerous injections There was 
some similarity between the appearance of the pars anterior in these 
animals and in one in which a thyroidectomy had been performed 
Further investigations with much larger doses of insulin are now being 
earned out 

(1) Geyehn, H R Jonm. of Metaboho Research, 2 p. 708 1922 

(2) Allen, F H and Sherrill, J W Ibid. 2 p 900 1922 

The expenses of the research were defrayed by a grant from the Medical Research 
Council 

The antagonism of pituitrin and insulin By G A Clakk 

(Preliminary communication ) 

It is a well-recognised fact that injection of extracts of the posterior 
lobe of the pituitary can prevent or diminish the hypoglycmmic response 
to insulin, the mode of action of pituitnn in this antagonism, however, 
is not known Lawrence and Hewlett^) suggest that “pituitnn 
counteracts insulin by mobilising sugar from the glycogen of the liver 
or muscles or both ” and base this conclusion on their evidence indicating 
that previous injection of ergotamine abobshes the antagonism As 
pituitnn reduces adrenaline hyperglycmmia it seemed improbable that 
it would influence the blood-sugar by sympathetic stimulation and it 
was decided to repeat Lawrence and Hewlett’s experiments In 
each of four rabbits the normal blood-sugar response to (1) insulin, and 
(2) pituitnn was determined after intravenous injection of ergotamine 
tartrate, m no case was the usual hyperglycaemic reaction to pituitnn 
prevented After 2 or 3 days insulin was given after ergotamine and 
pituitnn injected either with the insulin or at some time during the 
resulting hyp ogly css mi a The samples and doses of insulin and pituitnn 
were the same as those previously used m the animal under expenment 
It will be seen from the results below that in eveiy case there was 
definite evidence of the antagonistic action of pituitnn 
Rabbit 1 3 mg ergotamine 1 hour previous. 



Hours 

0 

i 

1 

n 

2 

2* 

3 

3* 

Insulin 


108 

084 

059 

007 

074 

081 

086 

— 

Pituitnn 

Insulin and pituitnn 

103 

101 

141 

113 

109 

103 



together 

112 

Rabbit 2 

137 106 107 105 

6 mg ergotamine 2 hours previous 

101 



Insulin 


105 

084 

002 

053 

050 

— 

— 

— . 

Pituitnn 


100 

109 

125 

110 

109 

— 

— 

— 

Insulin followed by 1 
pituitnn } hour later/ 

110 

080 

131 

122 

098 

100 

— 

— 
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Rabbit 3 6 mg crgotamine 2 hours previous. 


Tncnhn 

114 

100 

070 

034 

051 05S 



Pifuttnn 

113 

no 

234 

174 

130 121 



Insulin followed bv' 
ptrntnn 1 hourlatcrf 

112 

003 

007 

07 S 

071 004 

113 — 

Rabbit 4 

5 me ergotaminc 

2 hours previous 


Insulin 

12C 

0OG 

0G9 

055 

040 013 

— — 

Pituitrm 

105 

1G1 

201 

129 

09S — 

— — 

Insulin followed bv ) 
pitmtnn 1 hour la ter | 

103 

0S1 

0G2 

070 

07 S 071 

0^2 — 


Further evidence that pituitrm does not act by way of the sympa- 
thetic system is given bv two experiments on eats under amvtal anres- 
thesia In both animals the suprarenal vessels were tied while in one 
the hepatic artery and portal vein were dissected free from nen es and 
all other structures going to or coming from the liver were tied In both 
cases injection of pituitrm produced a nse m blood-sugar similar to 
that given in a control animal under amvtal 


Hours 

0 

i 

1 

4 

2 

21 

3 

3} 

Control 

100 

170 

135 

09S 

000 

0O1 

— 

— 

Xo 1 

12G 

165 

176 

122 

0S4 

074 

0S3 

072 

Xo 2 

113 

182 

140 

107 

103 

093 

— 

— 


(1) Lawrence and Hewlett B.1I J p 1001 May 30, 1925 


A conception of the mechanism of normal blood clotting 
By C A JIills, introduced by E H Stapling 

Normal plasma owes its stability to the lack of dissociation of its 
clotting constituents Although prothrombin, cephahn, antithrombm, 
and fibnnogen are present, they cannot react until the molecular unions 
holding them are broken by some dissociating agent Contact with dirt, 
glass, metal, water or injured tissue may bring about this dissociation 
but m a wound it is always the last named factor that acts to initiate 
the dotting 

Tissue fibnnogen (Wooldridge) the active agent in tissue juices is 
a protem-cephalm compound capable of uniting directly with blood 
fibnnogen through calcium, giving a typical clot It is this substance 
in a wound which starts the dissociation of the molecular unions by its 
combination with some of the blood fibnnogen This allows the liberated 
prothrombin and cephahn to combine through calcium, giving thrombin 
which at once unites with more blood fibnnogen to form fibnm For 
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every molecule of fibrinogen removed as fibnm, there are about eight 
molecules of prothrombin and cephahn liberated to form thrombin It 
is this ratio of prothrombin to fibrinogen m the plasma that determines 
the cumulative character of the clotting process Were the ratio 1/1, 
the reaction would follow a straight bne slope instead of a parabolic 
curve After complete clotting, the excess thrombin is disintegrated by 
the antithrombm in the serum, with some regeneration of prothrombin, 
the antithrombm acting through its high cephahn absorbing capacity 
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Release of vaso-dilator substances in injuries of the Bkin 1 
By T Lewis and I M Harmeb ( Preliminary communication ) 

Observations upon tbe reaction of the blood vessels of the human 
skin to mechanical stimulation, such as firm stroking with a blunt point, 
have provided what has seemed to be clear evidence that this reaction 
is due to the release in the skin of minute quantities of a substance, 
histamme-like in nature and acting locally on the endothelial vessels and 
sensory nerve endings (Lewis and Grant, “Heart,” 1924, 11 209) 
Probably because the quantity of substance released is extremely small, 
efforts to recover it from the skin, and to demonstrate its presence by 
physiological tests, have so far failed 

Recently we have adopted a different procedure We select subjects 
in whom tbe skm reacts vigorously to stroking, each stroke, though pain- 
less, producing a conspicuous local vasodilatation and whealmg It has 
previously been shown that these skins are unusual only in the degree 
in which they react, for similar reactions may be obtained from any skm 
by suitably grading or repeating the stimulus 

Believing, on the basis of previous observations, that the wheal is 
due to the release of small quantities of the substance named, we thought 
it might be possible by repeated stroking to release a quantity sufficient 
to yield a recognisable general response of the circulation A compara- 
tively large area of the trunk is stroked by means of a coarsely and 
bluntly toothed comb, the desire being to obtain a large number (100 or 
more) of closely set wheals almost simultaneously If this is done upon 
a subject that ha3 remained at absolute rest in a warm room for a suffi- 
cient control period, it is found that a slight but distinct general vaso- 
dilatation actually occurs This is most readily detected in the face, 
which flushes perceptibly and displays a nse of temperature of about 
0 6 °C (0 3-1 1° C ) The flush is not so visible in the arm and hand, though 
here also the temperature rises by almost equivalent amounts A fall 
1 Work undertaken on behalf of the Medical Research Council 


b 
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of blood-pressure may be discerned, but usually the reaction is insuffi cient 
to cause this change The rise of temperature come 3 to its height in 
about 7 minutes, or shortly after the local skm reaction is at its height, 
and lasts for a period of about 5-10 minutes more, by which time the 
skm reaction to injury has almost subsided If the observation is earned 
out m exactly the same manner upon subjects m whom the skm shows 
no exaggeration of the usual response to stroking, the general reaction 
desenbed does not occur But these subjects, and those whose skins 
wheal, manifest equally a general reaction, of precisely the same typo 
and lasting for the same penod of time, when hista min e (m doses of 
about 0 3 c c of aim 3000 solution of the base) is Introduced sub- 
cutaneously We find m these observations the co nfirma tion sought, 
namely, that the wheal is due to a hista mm e-like substance released in 
the skm by the stroke, and we can add that the quantity of substance 
released, m the case of the extensive whealmg described, amounts, m 
terms of histamme-base, to about one-tenth of a milli gramme Further 
details of these observations will be published at a later date 

Adrenaline vaso-dilation By A. D Macdonald and W Schlapp 
Small doses of adrenaline (0 002 mg ) may depress the blood-pressure 
of the anaesthetised cat, and various explanations have been given for 
this phenomenon It does not appear to have been reabsed or appreciated 
that this fall of pressure is very specially related to the anaesthesia, it is 
marked under ether and urethane, less marked under chloralose if no 
ether has been given just before In the high pressure decerebrate cat 
from which all traces of ether have been thoroughly ventilated and after 
the circulation has had time to recover from the effects of anaesthetic, no 
such depressor response can be evoked, although it was well-marked 
shortly after decerebration and the level of blood-pressure remains 
scarcely changed Depressor doses may now produce prolonged and 
considerable rises, often interrupted by a notch suggesting a double seat 
of action of the drug On ether bemg supplied to such an animal the 
depressor response quickly returns 

If, as Burn and DaleU) suggest, adrenaline vaso-dilation be due to 
the production in the lungs of minute amounts of a histamine-like sub- 
stance, that substance can only be produced or bberated under the 
influence of the amesthetic, for the blood-pressure response to small doses 
of histamine itself is bttle affected by the nature or degree of the 
anaesthesia m an animal with high blood-pressure 

(1) Burn and Dale. Joum. of Phyao! 61 p 185 1020 
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A substitute for blood fibrin in work on digestion 

By Winifred Mary Clifford, King's College for Women, Kensington 

Blood fibrin, in this country, is often difficult to obtain, needs long 
washing, aDd its strings are thick and of very varying dinmetei A sub- 
stitute was found in cod muscle fibrin which is revlily obtainable, 
possesses fine, easily separable fibres, and is colourless 
The cod is freed from skin and bone and minced The mince is 
covered with cold water and left 1 — 2 horn's to remove soluble albumen 
It is shaken at intervals The water is strained off, and the mince boiled 
in a flask with more water for about one hour It is re-strained and 
boiled again for another hour with fresh water Finally the cod fibrin 
is wrung through a cloth 

If possible, it is advisable to shake the product with water on a 
shaker, m order to obtain a homogeneous mixture of the fibres from 
various parts of the fish muscle, but it is not absolutely necessary 
All the fibres are found separate and they can be kept under a 
50 °/ Q mixture of glycerol and water in a similar way to blood fibrin 
Owing to the colourless nature of the protein, it is very suitable for 
the preparation of Congo Red and Carmine fibrins 
Thi3 preparation is particularly suitable for class purposes ow mg to 
the rapidity of digestion 

Actual colorimetric fiudings with 0 5 gram of blood and fish fibrins 
m each case using the blood fibrin as a standard are — 

Tune Blood Fish 

J hour 20 mm 15 mm 

l hour 20 mm. 10 mm 

3J houra 20 mm 20 mm 

Peculiar substance in the central nervous system of cats kept 
on autoclaved meat By C Da Fano ( Received Oct 4th, 1926 ) 
Since 1922-23 in the central nervous system of cats kept on auto 
claved meat I noticed the occurrence of a substance w hich stained in 
various shades of purple-red with tohudme blue, thionine, mixtures oi 
these two dyes and Giemsa’s fluid, piovided the material was fixed in 
formalin or formol-Mdller or, very seldom, in alcohol md embedded m 
paraffin In sections from celloidin blocks no trace of it could be seen 
The substance in question was found chiefly m the white matter and 
wua situated in the thickness of the tissue, viz it was not a piecipitate 
of the staining solutions used It appeared in the shape eithei of sm ill 
patches with irregular edges or of fiower-like tops with a pseudo 
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crystalline aspect The dimensions of these peculiar formations varied 
extremely, some being as small as secretory grannies, others measuring 
more than 30/a m diameter They could be readily dissolved by placing 
the sections for a few hours in mixtures of absolute alcohol and 
ether, which explains their absence m material embedded in celloi dm. 
They soon lost their bright purple colour after exposure of the 
specimens to sunlight. Subsequently the same substance was observed 
in sections from the spinal cord of apparently normal cats poisoned 
with chloroform or A.EC after an intravenous injection of chloralose 

In January, 1924, being m Florence, I went to see Buscamo with 
whose work I was acquainted He kindly showed me a number of 
specimens and I formed the opinion that his “acmiform areas of dis- 
integration” were similar to, but not identical with, the formations 
present in my specimens. On my return to London I was on the point 
of publishing my observations but I reframed owing to the doubt that 
such appearances might have been a mere artifact due, in part at least, 
to the way m which the material had been fixed Particularly in the 
case of animals affected with deficiency diseases this seems more liable 
than usual to become altered under the influence of ordinary methods 
of histological investigation 

In June of this year Dr F A Pickworth brought to my laboratory 
some specimens showing the occurrence of similar phenomena He 
had obtained them under experimental conditions which he proposed 
describing in a forthcoming note Whereupon I suggested that he 
should add the content of this communication to his paper, but he 
desired that the results of our work should be published separately 

A definite opinion as to the nature of the appearances in question 
cannot be expressed at present 


The effect of high and low oxygen pressure on the respiratory 
exchange during exercise By A E Clark-Kennedy and 
Trevor Owen ( London Hospital Medical Unit ) 

In a previous communication (l) we questioned the conception of the 
limitation of effort as being due to failure of the heart to maintain the 
0, supply to the muscles, and pointed out that the symptoms of ex 
haustion are not comparable with those of heart failure 

Experimental The respiration has been investigated during work of 
the same duration, but increasing 0 3 requirement With increasing rate 
of work the R Q , pulmonary ventilation, percentage of 0 2 in the expired 



SOCIETY, OCTOBER 16, 1926 

air, and percentage of 0. requirement incurred as debt, nse, the per- 
centage of 0j taken out of the inspired air and the percentage of CO, m 
the expired air fall Progressively more ventilation becomes necessary 
to effect the same 0. intake and CO, output Now Barr and Himv> ich(-) 
have shown that after exercise the CO, carrying power of the blood is 
reduced and its C’n raised, due to lactate accumulation, observations 
indirectly supported by the work of A Y Hill{3) Though primary over- 
breathing due to anoxaemia may play a part in their production, the 
changes described must be largely due to acidosis The rise of Cn stimu- 
lates the respiratory centre and an excess of C0 2 is blown off with nse 
of h q The reduced CO, carrying power of the blood demands more 
ventilation to e limin ate unit quantity and the alveolar CO, tension falls, 
les3 Oj is taken out of the inspired air and the alveolar 0. tension rises 
The ability to breathe is therefore important, not only in maintaining 
the 0. saturation of the blood as the circulation rate nses, but also in 
effecting the elimination of CO, as the CO, carrying power of the blood 
falls 

The respiration has also been compared during work of the same 
duration and 0, requirement, breathing 26 p c , 21 p c (air), and 16 p c 
0 2 When 26 p c 0, is breathed, the 0, income is greater and the per- 
centage of the 0, requirement incurred as debt less, the pulmonary 
ventilation and p q are lower and the percentage 0, absorption and CO. 
excretion higher, suggesting that the accumulation of lactate is less 
When 16 p c 0 Z is breathed the findings are the opposite, suggesting 
greater lactate accumulation Running all out breathing a high 0, 
Euxture, the 0, income and debt are both greater (more work possible), 
and when breathing a low 0, mixture both less (less work possible), than 
when air is breathed 

Theoretical Rise of C n is probably the important physical basis of 
the psychical distress which limits voluntary effort When the rate of 
work is such that the 0. supply to the muscles fails, so that lactic acid 
accumulates, C0 2 elimination becomes progressively more difficult he 
cause (1) the COj carrying power of the blood is reduced, (2) progressively 
more ventilation is required to eliminate unit quantity, and (3) excess 
of COj ha3 to be eliminated to keep down the C H of the blood The C H 
of the blood therefore rues to the point at which effort ceases, not only 
on account of accumulation of lactate as the mechanism for 0, intake 
fails, but also on account of tne accumulation of CO, as the mechanism 
for the elimination of UJ Z fails Moreover, our high "and low 0, experi- 
ments suggest an equibormm bet veen these two mechanisms accumu- 
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lation of lactate when the 0 S supply fails reduces the C0 2 carrying power 
of the blood and demands more pulmonary ventilation to eliminate unit 
quantity, but the consequent increase in alveolar 0 2 tension increases 
the 0 2 saturation of the blood, delays the accumulation of lactate and 
raises the C0 2 carrying power so that less ventilation is required to 
ehmmate unit quantity Raising the 0 2 pressure in the inspired air 
retards the accumulation of lactate and delays the retention of C0 2 , 
for the same limiting rise of Ch , therefore, a greater accumulation of 
lactate is possible and a larger 0 2 debt can be incurred Conversely, 
lowering the 0 2 pressure in the inspired air accelerates the retention of 
C0 2 , and for the same limiting rise of Ch, the accumulation of lactate is 
less, and the 0 2 debt smaller 

Conclusion. Voluntary effort is limited by fadure of the functional 
capacity of the cardio-respiratory system as a whole, not by premature 
failure of any one member of this team, e g the heart, or of one particular 
function, eg 0 2 intake rather than C0 2 output, in extreme muscular 
exertion integration of function is maintained When, however, the 
functional capacity of the heart is reduced by disease, on attempted 
effort integration of function can be maintained only by corresponding 
reduction m the functional capacity of breathing Thus in compensated 
heart disease, the vital capacity of the lungs (themselves not diseased) 
is reduced (Peabody (4)) When, however, the limits of this protective 
reaction are reached, disintegration of cardio-respiratory function super- 
venes and blood accumulates m the veins with symptoms of congestive 
cardiac fadure From the standpoint of physiology, disease is to be 
regarded as disintegration of function As disease progresses in one organ, 
integration is for a time maintamed by readaptation of the functions of 
others, but sooner or later disintegration begins 

(1) Clark Konnedy, Bradbrooke and Owen Proc Phyaiol Soc Dec. 12th, 192 j 
J ourn. Phyaiol 01 

(2) Barr and Him wioh Journ Bio Chem 55 pp 495,625 1923 

(3) Hill, Long and Lu p ton. Proc Royal Soc B 90 p 438 1924. 

(4) Peabody and Wentworth Arch. Int. Med. 20 p 443 1917 

The effects of variations inyiH on the volume of red cells 

By A C HAMPSONandM Maizels (Preliminary communication ) 

Investigations were undertaken to show the effects of variations of 
pFI on the volume of red cells Mixtures of solutions of K 2 HP0 4 , 
KH 2 P0 4 , KOH, and H 3 P0 4 , of the same osmotic pressure, as determined 
cryoscopicnlly, were used 
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Hfematokxit determinations of hirudimsed blood w ere made in tubes 
drawn out mto a sealed capillary The tubes were centnfuged till the 
volume of red cells was constant and the mass translucent The tubes were 
filled with solutions of potassium phosphate of varying pH but the same 
osmotic pressure The red cells were mixed with the fluid, and after 
30 minutes again centrifuged to constant volume It was found that 
the volume of red cells m a solution of given concentration ivas minimal 
at pH 8 1, and that m a solution with A = 0 423 (equivalent of 0 72 
NaCl) the original volume of red cells taken from plasma was unaltered 
This solution was therefore regarded as isotonic, and for further deter- 
minations, 1 c c of blood was suspended m 100 c c of this solution at 
17-19° C , allowed to stand 30 minutes, and quantities of 5 c c centri- 
fuged till the red cells were of constant volume The supernatant fluid 
was replaced by solutions of varying pH but of the same osmotic pressure, 
in which the cells were suspended for 30 minutes and again centrifuged 
to constant volume The pH of the supernatant fluid was taken and the 
volume of cells calculated as a percentage of the original volume 

It was found 

(1) That in a solution of potassium phosphate (A — 0 423) the 
minimum volume of cells was equal to the minimum volume of cells in 
NaCl solution (A = 0 528) , but m potassium phosphate the m inimum was 
attained at pH 8 1, whereas in NaCl this was reached at a point more 
acid 

(2) In potassium phosphate (A = 0 423) the minimum volume was 
found at pH 81 In solutions more acid, the volume increased till a 
pH of 5 4, after which it fell sharply to another mini mum at pH 3 
(approx.) 

(3) On the alkaline side a gradual nse occurred as the pH increased 
till a pH of about 10 6, when the rise m volume became much more 
marked, haemolysis occurring at a pH of about 110 

(4) At a given pH the volume increased with dilution This was most 
marked at pH 5 4 (approx ), less marked in solutions more acid than 
this, and at a pH of about 3 0, the percentage volume was the same 
irrespective of dilution 

(5) In solutions more acid than 5 4, slight agglutination could be 

noted, and this became more marked till at pH 3, agglutination was 
complete In still more acid solutions, haemolysis occurred, with the 
obvious presence of acid haa matin. „ 

(6) In solutions with A = 0 320 (equiv of 0 54 p c NaCl) no 
haemolysis occurred between pH 3 and 10 8, but m solutions ’with 
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A = 0 290 (eqmv of 0 48 NaCI), hsemolysis occurred between pH 4 7 
and 5 7 The volume of the cells at these two points was 180 pc In 
dilutions greater than this, hsemolyais occurred whenever the cells 
attained a volume of 180 p c — in acid solutions, and 160 pc m alkaline 
solutions 

(7) Sodium phosphate and potassium phosphate gave almost identical 
curves 

(8) The type of curve conforms to that due to a Donnan equilibrium 
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Herpes zoster and antidromic impulses 1 By T Lewis and 
IL IL itiWYK ( Preliminary communication ,) 

A sen.es of researches upon the responses of the skin to a variety of 
injuries has led to the generalization that, whenev er a lesion appears 
upon the skin, and this lesion consists essentially of reddening followed 
by v, -healing or blistering, the corresponding reaction of the vessels is 
due to the local release of substances having a histamine-like action. 
If this generalization is to hold good universally, it must include the 
phenomenon of herpes zoster, which is well known to be associated 
commonly with inflammatory lesions of the posterior root ganglion 
Evidence accumulates to show that herpetic lesions may result from a 
variety of lesions of this ganglion or of the sensory nerve path upon 
which ic stands , consequently, w e have been brought to reinvestigate 
the nature of antidromic nerve action and to look for evidence that such 
action is due to the release of vasodilator substances in the skin. We 
stimulate peripherally a branch of the median nerve of cats from which 
the stellate ganglion of the same side has been removed three weeks 
previously, and we obtain flushing of the corresponding pads of the foot, 
a3 did Langley U) A. 20~secoud faradic stimulation produces a flush 
that lasts 5 to 10 minutes. We call attention to the long duration of 
the reaction, which in our view is itself most suggestive, since it exceeds 
that produced by stimulating the sympathetic vasomotor nerves. If, 
immediately before stimulating, the circulation to the limb is brought 
to a standstill and is so maintained for a penod of time equivalent to 
that previously determined for the subsidence of tbe flush, and if the 
circulation is now restored to the hmb, the pads all flush intensely 
When this reactive hyperamna fades, as it does within a minute or so, 
the pads supplied by the stimulated nerve stall remain brightly coloured! 
The flush displayed by these pads subsides very gradually, its duration 
from tbe release of the circulation is equal to its duration, measured 

1 tmderwiea on behalf of the Medical Research ConariL 
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from the end of stimulation, when the circulation is undisturbed That 
is to say, the vasodilatation produced antidromically is prolonged in our 
experiment by the period of circulatory arrest , or, stated otherwise, the 
subsidence of the flush is governed by the subsequent flow of blood to 
the skin. We believe that this can be interpreted only to mean that 
the flush is due to vasodilator substances released m the s kin , that 
these substances are held in place during circulatory arrest, and are 
subsequently removed in the ordinary manner when the circulation is 
restored. To control these observations, we have investigated the vaso- 
constrictor effect upon the rabbit’s ear of stimulating the cervical sym- 
pathetic, and the vasodilator effect produced in the glaas penis of the 
cat by stimulating the pelvic nerve In neither of these instances is the 
reaction held up by circulatory arrest 

We conclude that antidromic vasodilatation is due to the conveyance 
of impulses along the sensory nerves, not to the vessels, but to the 
tissues of the skin, and that these impulses release histamme-like sub- 
stances m the skin (a trophic action) , these substances then act on the 
minute vessels and produce vasodilatation m the territory of release 
We conclude that herpes zoster is due to a similar release, produced by 
irritation of the sensory nerve tract The conclusion of Doi(2), Krogh, 
Harr op, and Re hb erg (3), and others, that capillaries possess a vaso- 
dilator innervation, is rendered untenable by these observations, since, 
according to our observations, the capillaries are reacting directly to the 
substances released. 

Feld berg (-1) has recently demonstrated antidromic vasodilatation 
in the rabbit’s ear We find that histamine dilates the minute vessels 
of the rabbit’s ear and conjunctival mucous membrane when applied 
directly to these 

REFERENCES 
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A muscle twitch lasting for hours By K Futvosawa. 

The longitudinal abdominal muscle of Halothuria nigra, put m 
diluted sea water (10 — 20 p c.), can respond to a single induction shock, 
and it requires several hours to relax completely The contraction has 
the following properties (1) the time required to reach a maximum is 
the same order as that m undiluted sea water , (2) the rate of relaxation 
depends upon the force exerted on the muscle (3) this contraction can 
he set up repeatedly without any sign of fatigue , (4) the pull response 
during contraction is quite different from that which Hill and Gasser 
found with frog’s muscle , (5) complete recovery of normal function is 
observed in sea water 


The influence of one coloured light on the sensitivity of the eye 
to the same and other colours By H E ItOAF From the 
Department of Physiology, the London Hospital Medical College 
( Preliminary communication .) 

If different regions of the spectrum excite different retinal mechanisms 
they should have comparatively little effect on each other The degree to 
which one light interferes with another may he considered as a measure 
of the extent to which they act on similar mechanisms In the results 
that follow the sensitivity is measured by the threshold to the coloured 
hght 

Exposure of one part of the retina to light has a general effect in 
decreasing the sensitivity of other parts this is the effect on the dark- 
light adaptation of the eye. All regions of the spectrnm have a similar 
effect on the adaptation of the eye, namely that they decrease the 
sensitivity to blue and violet most, green next, and have veiy little 
effect on Ted 

When, however, the two lights stimulate the same area of the retina 
special differences are noted. Red light decreases the sensitivity to all 
regions of the spectrum Green hght decreases the sensitivity to green 
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and bine, but has little effect on red. Blue light has most effect on the 
sensitivity to blue, less on that to green and least on that to red. 

These results differ from those of Burch (l), who says that the 
fatiguing light has an effect only on its own region of the spectrum 
They also differ from the results of Troland(2), who states that “minu- 
thesis due to one colour does not alter the luminosity of another colour 
to a degree differing appreciably from that m which it is altered itself.” 
Allen (3) finds that exposure of the eye to coloured light affects several 
regions of the spectrum, but that there are certain transition colours at 
which no effect is produced 

A practical application of the results is that a blue screen is the 
best to protect the eyes from other lights, e g when motoring 

(1) Burch, G J, Phil. Trans 191 p 1 1899 

(2) Troland, L T Abstract BulL Nela Res Lab General Eleotno Co Cleveland 
p 388 1922 

(3) Allen, E (Latest paper ) Jonm Optical Soc Amer 13 p 383 1926 

Toxaemia from Liver Grafting By D T Barry and J Freud 

Arising from an investigation of the rdle of the liver in the regenera- 
tion of blood after haemorrhage, in which one of us was engaged some 
time ago, we were led by the condition of dogs grafted with liver 
substance to test the effects of their blood on other animals 

Grafted intrapentoneally the animals generally showed symptoms 
of depression according to the weight of liver used in proportion to 
body weight In those where three to five grams of liver from freshly 
killed dog were used per kgm. the results were all fatal after intervals 
of from 24 hours to three days (four experiments C, D, E, T) When 
the size of the graft was reduced to about 2 5 or 3 grams per kgm it 
was again fatal in all cases, but two lasted five days (five experiments, 

F, G, H J, M , J being a female with pup near term) When the graft 
amounted to about one gram per kgm., not exceeding 1 5 grams, a fatal 
result occurred m one (S) on the third day (five experiments K, L, S, 

TJ, V) U and V were killed for blood on the second day , and K and L 
were allowed to live for 15 days m apparently perfect health, when they 
were regrafted No graft was actually weighed but similar pieces were 

Table I comprises a few of the protocols showing the very toxic 
effects of the blood of grafted animals on others The poison is elusive, 
occurs at a certain interval after operation and lasts a limited time 
The earhest period in which it was found to be toxic was seven hours 
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•to operation, and the „ “^fobout tetiTt “Ifto po.oon 

gratog We express no opunon nsj^ ^ ^ ^appearance ot 

Exposure and agitation disappearance in another, heating 

toTeity in one sample, clotting caused disappea 

to 56° C in a third characteristic respiratory 

Death in the poisoned animals i y mortem ditchings 

spasm, cry, ngidity, st > ffeD “| from mtravenous injection of this 

are promment signs Po=i wlt hout causing death, while 

tome blood were obtame m resu lted in ten cases (nos 1, 5 > 

the characteristic death describe establish the main fact 

6, U, 15, 16, 17, 18, 19), a sufficient number to estab 

with certainty 

Table L 

Some Protocols of Experiments 
Senes 1- Toxicity for Others. 


Index 


Date 


D 5-5K. 15/11/26 
o 


Condition 

Young, 

normal 


General Remarks 


Do 10AV 26 


o — 

pent cav 
Very weak Bled (lull) 


Operation 0bierv '^ 1 °“ g became weak. 
30 gm.Uv_er Recovered well Sowbeeam^ 

Toxicity IS hra. 

10 cc. fatal to PM 50 cc choc fluid in 
Xo 1,20 sec. 


G 6K 
5 


Do. 


20A1/26 

21AV 26 


pentoneum 

Very 'well three davs- 
then death on 4th day 


Healthy, 15 gm- Uver Well at once \ben dlmth on 4th day 

young P ent -^ a 'L, -Rlood fatal to Blood of dead dog non- 

ary good S^bkod Bg*“£ (20 toxic. Toxicity 20 hm. 

sec.) 


J 9K. 
o 

Do/ 

Do 


24A1/26 


25A1/26 

Do 


With pup, 
near term 
Good 
Do 


Took food very soon, had 
seven puppie3 next day 
... .a-.;,, a (7 V l 


po gm. hver Easy rapid op 

6 seven — j 

P 211 / . T no 5 (lack) Xo effect on no 5 (7 k.) 

5 °~bL« to] no 6(onL) Death of no 6 m 40 sec. 

, 7 X 


L. 5-5K. 
d 


Do. 


24A1/26 

25A1/26 


Young, 

normal 

Good 


o CC Dl. ear a, > 

7-8 gm. liver Rapid recovery Took hKMet^ ^on after 
5 ^bk ear Inj no 5(lact ) Death of no 5, 40 sec. 


Y 4*K. 
o 


Do. 

Do. 


6/12/26 
11.45 ami. 
Do 4 pm- 


Healthy 

young 


6 gm. liver 
pent 

10 cc. bL ear 


Do 7 p m. 


Inj no 
(11 K.) 

10 cc. bk ear In] no 14 


Quick recovery 
7 hrs. 

14 Resp effects only 


Toxic 


Death 1 min., cry, rigid. 


impulses in the optic nerve By K D Adbiax and 
Bached Eckhap-D ( Preliminary communication ) 

.i ecttic responses developed m the return on exposure to light 
hare been studied repeatedly They are eompler changes generally 
A d as made up of three or more components, and though they give 
rt/ulble index of the activity of the retina they give no information 
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as to the form in. which this activity is transmitted to the brain, ie as 
to the nature of the impulses in the optic nerve fibres The short length 
of the optic nerve and the large number of fibres m it makes it less easy 
to record the electric responses than is the case with a peripheral sensory 
nerve, but we have succeeded in doing so m the optic nerve of the conger 
eel ( Conger vulgaris) This nerve contains relatively few fibres (under 
10,000) and may be as long as 2 cm The isolated eye and optic nerve 
preparation is arranged with electrodes leading from two points on the 
nerve to a three or four valve amplifier and the capillary electrometer 
An opal glass screen is illuminated by a lamp at varying distances, the area 
of the screen is controlled by an ins diaphragm and its image can be 
focussed on the retina by lenses As a rule the nerve is free from action 
currents when the eye is m darkness, but on illumination a rapid senes 
of oscillations appear in the record (Fig 1) The usual controls have 



Fig 1 A Aotion currents in optic nerve on evposnre to light Film record. Tune 
marker (white hues) gives intervals of Fi sec Light turned on just before 
film begins. 

B Ditto, plate record. Tune marker (above) gives ^ see intervals 
Fig 2 Analysis of another electrometer record showing tune relation* of action 
currents. T= 16° C. 

been made to exclude artefacts. Analysis of records on plates moving 
at SO cm per sec shows an irregular succession of mono- or diphasic 
action currents each lasting for about 0015 sec The majority seeni to 
conform to a standard size and duration though there may be considerable 
overlapping The maximum frequency occurs at or near the beginning 
of the response and declines rapidly There is usually a renewed outburst 
of impulses when the light is turned off (ns there is m the retinal 
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response) The frequency on illumination varies with the area and the 
intensity of the light, though we are not yet in a position to give 
accurate values Owing to the rapid decline in frequency with steady 
illumination a moving light or shadow produces a much greater effect 
than a stationary light 

Points of some interest' have arisen in connection with the latent 
period, the frequency in each fibre, etc , but our records leave no doubt 
that the discharge m the optic nerve is of substantially the same type 
as that in other sensory nerves This is illustrated in Fig 3, which 



Fig 3 A. Action currents in optic nerve on exposure to light. 

B Action currents in frog’ 8 sciatic produced by tension 
on gastrocnemius. 

compares the response in the eel’s optic nerve with that m the frog’s 
sciatic when the gastrocnemius is stretched Apart from the larger size 
of the action currents m the sciatic (which has fewer fibres) the records 
are almost mdistinguishable 

The ultra-violet absorption spectra of cerebro-spinal fluids 

By F Campbell Smith. ( Preliminary note ) 

Judd Lewis m 1922 obtained the quantitative absorption spectra of 
the serum proteins, and m 1923 Ward obtained those of some of the 
more important amino acids 

Other workers have since shown that the absorption bands of proteins 
are due to the amino acids contained within their molecnle 

Cerebro-spinal fluid has the following advantages over the other body 
fluids in this type of work ^ 

1 It canbe obtained directly from the subject without contamination 

2. It is optically clear *** 
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3 The concentrations of protein and other substances m it are within 
the range of the Hilger sector photometer and so it does not require 
dilution 

4 It is free from pigment, both in the normal and majority of 
pathological conditions 

It is, therefore, the one body fluid which can be investigated by this 
method without the risk of mtroduemg error by manipulative technique 

The normal absorption curve has been obtained and compared with 
those of various pathological conditions Curves which appear to be 
typical of tuberculous meningitis and of tabes dorsalis respectively have 
been found 

It is suggested that the method may be of diagnostic value 

The curves and details of the techmque will be published in a 
subsequent communication 
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Blood pressure in the two- three-day chick embryo 

By Leonard Hill and Y Azoma. 

Fertile eggs placed on a camas tray with a dish of water below ' 
incubated for two and a half to three days in the hot room ( ^ 

One-third of the upper part of the shell was cut away with the egg e 
lengthwise in a hath of w arm Ringer solution using great care so as not 
to touch the embryo or vascular area inside The ernbrj o with its 
S-shaped beating heart surrounded with the vascular area together 
formed an area of about 2 cm. diameter Just outside the vascular area 
a cut was earned round with scissors and the thin membrane containing 
the embryo and vascnlar area thus set free without damage to any of the 
blood vessels. This membrane was floated on to a histological section 
lifter and gently transfened to a small sheet of “ cellophane (a thin 
transparent acetyl cellulose membrane) which was placed in position 
over the instrument (designed by Roy and Graham Brown) for measuring 
capillary pressure This instrument consisted of a small metal chamber 
floored with glass and roofed with a loosely stretched sheet of peritoneal 
membrane. A T-tube connected the chamber on the one hand with a 
water manometer , on the other with a tube by which the pressure could 
be raised. By moving the sheet of cellophane w hich earned the embryo 
(and its vascnlar area) this was brought into the nght position, and a 
glass plate was then brought down so as to cover one vitelline artery and 
vein and part of the vascular area, leaving the heart and much of the 
embryo and vascular area uncovered. When the pressure was raised in 
the chamber of the instrument the pentoneal membrane swelled and 
pressed the covered part of the vascular area against the glass plate 
The blood vessels were thus compressed between the swollen pentoneal 
membrane and the glass plate and the pressures required to alter or stop 
the flow were easily read on the manometer Every thing had to be 
arranged nght at the first adjustment because the vessels of the embryo 
are so tender that they tear if any attempt is made to alter the position 
of the glass plate The chamber of the instrument was closely sur- 
rounded with another chamber with flat top on which the outer part of 
the sheet of cellophane rested, through this outer c h a mb er water 
circulated at 40 s C An ungation tube was also arranged so as to run 

d 
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a stream of Rmger s solution at 40 C on to the embryo By these 
means the embryo and the vascular area were kept normal and the 
heart beat and circulation proceeded with unabated vigour Using a 
low-powered microscope the red corpuscles could be seen travelling 
with pulsatde movement through the arteries and continuously flowing 
through the capillaries and veins The flow was rapid enough to make 
the movement of the corpuscles only visible at the border of the lumen 
of an artery 

We found that a pressure of 1 5—2 cm of water sufficed to stop and 
reverse the flow in the vitelline arteries while 0 5 cm pressure of water 
quickly applied sufficed to check the blood stream m the capillaries These 
measurements confirm those previously made by L. Hill, and his conclu- 
sion that m tissues generally a very small difference of pressure maintains 
the capillary blood flow They show that a very small pressure (2 cm. H,0) 
sufiBces to maintain a flow throughout the embryonic area, and that the 
range of pressure in the vascular system of the two and a half day old 
chick is from 2 cm of water to zero This vascular system is comparable 
in the adult to a vascular area consisting of terminal arterioles branching 
into capillaries, the capillaries uniting again to form terminal venules 
It is evident that m the chick embryo interchange between blood and 
tissue cells goes on with a very low capdlary pressure, and that sucli 
a low pressure suffices for the carrying out of the processes of life 

The relation of alkali to the parasympathetic By R J S 

MoDowall, Rin g’s College, London (Preliminary communication ) 

The injection of alkali intravenously mto cats under chloralose and 
undisturbed results m a marked slowing of the heart, constriction of 
the pupil and increased gastno tone This relation of alkali to the size 
of the pupil and to gastric tone has already been observed by many 
independent workers 

In the case of the heart the slowing is not to be considered a grossly 
toxic action, for the state of the animal is such that it responds with 
great readiness to all forms of sensory and sympathetic stimulation by 
an mcr eased heart-rate while at the same time the pupil dilates In 
the early stages the vagus restraint of the heart is very marked, but later 
section of the vagi or the ad ministration of atropine do not increase the 
heart-rate The effect of stimulation of the peripheral end of the vagus 
is much mcreased These results taken together with the fact that C0 3 
has the opposite effect suggest that the so-called sympathetic-para- 
sympathetic balance is closely related to acid-base equilibrium. 
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An easily constructed ultra-filter By E S Aitkes 
andH D Kay Medical Unit, London Hospital 
Commercial cellophane has been found to serve very well as a semi 
permeable membrane lor the ultra-filtration of undiluted serum or plasma 

flT 



The apparatus has been designed for the ultra-filtration of small quantities 
(3 to 5 c c ) through cellophane 1 at pressures up to six atmospheres, 
which aTe conveniently produced by a motor tyre pump It will give 
i 'Thickness 2vo 253 — obtainable from the British Cellophane Company 7, Bird 

Street W 1 
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5 c c or more of protein-free ultra-filtrate m two hours Its general 
features will he obvious It is made of brass, and the parts, of the 
dimensions shown, can be conveniently turned from a 2 m hexagon 
brass rod, they are subsequently nickel-plated It consists of 

A. A cap , carrying a Schrader “tank” valve 1 which is soldered in 
The manometer is made by sealing together two capillary tubes of 
different bore, the smaller above, the larger below Mercury is intro- 
duced, and the upper end sealed The portion of the narrow bore tube 
containing air is graduated by measurement to give an approximate 
indication of the pressure in atmospheres A large excursion of the 
meniscus in the narrow graduated part is accompanied by a much 
smaller excursion of the meniscus m the wide part The lower end of the 
manometer tube has a small symmetrical bulb blown on it, this is 
surrounded by a collar of rubber tubing, and is held m position in its 
socket by a perforated brass nut made with a shoulder and screwed 
tightly on to it, as shown in the diagram 

B A cylindrical chamber, on to which the cap is screwed, with the 
intervention of a disc-shaped rubber washer, perforated by a small hole, 
this prevents liquid from reaching the valve or the manometer by 
splashing Two large brass screws in the wall of the chamber enable it 
to be firmly gripped in assembling the apparatus 

C A filter-hose, m the form of another screw cap, with many fine 
perforations Above the perforated part is placed a piece of fine silver 
gauze (60 meshes to the inch), then a disc of cellophane, then an annular 
rubber washer, and the whole screwed tightly into place There is shght 
cr inklin g, but no tearing of the cellophane, the crinkling may be 
minimised by a trace of vaseline on the upper surface of the rubber 
washer 

D A receiver, which is a shallow glass dish, placed on a pad of 
moistened cotton wool, and held in position by an additional screw cap, 
having no washer 

If a filter with greater capacity or greater filtering area is desired, 
the measurements may be altered accordingly 

For the brass-work of the original apparatus, and for the accom- 
panying drawing, we are indebted to our mechanic, Mr J McCarthy 
The filter may now be obtained from Herbert E Kendrick, 342, St John 
Street, E C 1 

1 Obtainable from A. Schrader’s Son, Ine , Tyre Valve Manufacturers, 29, Now Street 
S W 1 
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A simple colorimeter lamp By H D Kay 

Medical Unxt, London Hospital 

For accurate colorimetric work it is essential to have a steady, and 
therefore, at least in this country, an artificial source of light It is also 
necessary to cut down to a minimum any adventitious light falling upon 
either the eye or the colo rim eter 

Stanf ord(i), for use with his dilution colorimeter, described a colori- 
meter lamp m which the light from a Sheringham daylight lamp was 
reflected from a white paper surface through a hole in the side of a wooden 
box, to give a source of illumination of unvarying quahty The lamp 
described was of somewhat inconvenient size and shape for employment 
with the ordinary laboratory colorimeter, and the cost of the Sheringham 
daylight lamp made the adoption of this device expensive 

The same principle of the reflection of light from a white paper 
surface has been utilised and new useful pomts incorporated in the 
making of a small, inexpensive and convenient colorimeter lamp, which 
may be used, in place of the costly lamp houses which are on the market, 
with any of the common types of colorimeter (Dubosq, Kober, Bausch 
and Lomb) - 

The source of hght is two Osram 30 watt “stnphte” lamps “without 
reflectors,” each 81 in overall length (For exact position of lamps 
see figs ) The box holding the two lamps is of i in white-wood, 
1H x 7f x 5| in outside dimensions, each of the two 1H x 7| m faces 
being perforated by a 51 x 21 m opening, the bottom of the opening 
being | m from the bottom of the box A piece of tinned sheet-iron, 
on which thick white typewriting paper has been evenly pasted, reflects 
the hght through a sheet of Chance’s rough surface daybght glass 1 , 
6 x 3 in , on to the mirror of the colorimeter The other opening in the 
box is closed by a sliding panel of the same size as the daybght glass, 
with which it is interchangeable "When very strong direct illumination 
is desired, the box is turned upside down and the panel removed, the 
daybght glass being inserted if required A hinged door at one end of 
the box permits of the removal of the lamps, glass, panel and reflector 
which are all detachable It has been found that the most convenient 
way of construction is to make the box in two longitudinal halves and 
then screw these together 

A coat of dull white paint inside, and dull black outside, together 
with three screw pomts on each face of the box which is likely to touch 

1 Obtainable from Chance Bros., Smethwick, Birmingham 
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the benoh, to give the whole the stability of a three point suspension, 
complete the lamp itself (see Pigs 1 and 2) It is advisable, m order 
that the colorimeter once adjusted to the light source may not be 
accidentally moved, to fit the colorimeter base with three s imil ar^ fairly 
sharp points 



A screen of some kind, to cover lamp, colorimeter and the head of 
the observer, is a great advantage, and may be readily made of three-ply 
wood, painted dull black inside The arrangement is shown in the figure 



It is advisable, when using the Bausch and Lomb instrument which 
is, in the experience of the present writer, by far the most sa is ac ory 
instrument for general purposes, to make the front 7 me es o 
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of the screen of thick black cloth (shaded m Fig 3), so that the scale 
may be read without difficulty 

The colorimeter lamp is obtainable from Messrs Baird and Tatlock, 
Cross Street, Hatton Garden, E C 1 

REFERENCE. 

1 Stanford Biochem. Jonra. 17 p S39 1923 

The effect of alkali on blood sugar By At A Battie 
audit J S McDowall, King’s College, London 

The injection of 2 c c saturated sodium bicarbonate solution intra- 
venously into a cat under amytal anesthesia causes a definite but 
temporary fall of blood sugar which may subsequently be succeeded 
by a rise A similar fall has been obtained m man when 20 grams 
have been taken by the mouth Confirmatory evidence exists in the 
literature 

In view of the work of Clark and of Alacleod and his co-workers 
the results support the suggestion that the action of alkali is related to 
parasympathetic activity, both possibly acting upon the same structures 



